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PREFACE. 



When the author of this work first started out as a ma- 
chinist's apprentice, he was under the impression that in 
addition to the every-day knowledge to be gained in the 
shop, it would be possible to add more knowledge by means 
of text-books or technical works. After ransacking four of 
the largest and best Ubraries in the country, he made the as- 
tounding discovery that only a half dozen works of the kind 
were in print, and they were of little practical value except 
as experimental data for amateurs. 

At a later time, when working as a tool-maker, still more 
difficulties presented themselves. Few tool-^makers seemed 
to have had experience in more than one or two lines of 
work; and to become a general workman necessitated the 
tramping from shop to shop where the various machinery was 
in use. This the author actually did, and this work is the 
result in miniature of the experience thus gained. 

The limited space available has left much to be desired, 
and many of the ideas may be to some readers old; but as 
the intention is to help the beginner, much good is hoped 
for in the field laid out for the work. 

The almost limitless variations in tool construction are 
based on a few fundamental forms, and an effort has been 
made to present basic ideas and allow, or rather trust to 
the natural ability of the student, to adapt the best means to 
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IV PREFACE. 

the purposes in view. Method is far more important than 
detail, and the dies, jigs, special fixtures, etc. , given in this 
work, are intended as a ground-work for elaboration and 
variation according to conditions. 

The author is aware that this book is limited in scope, and 
that many who read it will find much in it, a knowledge of 
which they already possess; but as an elementary work he 
hopes it may assist the army of beginners who, if they have 
the opportunity he has always found, will be eager to em- 
brace it and thus acquire knowledge. He also hopes that 
this initial step may induce others to add works of a similar 
nature, so that what is becoming the greatest of all mechan- 
ical arts, may be brought on a line with others by having a 
literature of its own. For himself the author shall rest 
content if each reader be benefited by but one thought, and 
he shall even think he has accomplished much if only one 
has reached success through any of the ideas and experience 
contained in this book. 

HERBERT S. WILSON. 

Bbgoklyv, ^. Y,, May I, IS$d, 



CONTENTS. 



INTRODUCTORY. 

PAGE 

Present definition of the name ** tool-maker;" The tool-maker 
of ahundrecfyearaago 1 

Fii-st introduction of a system of tool work ; Advent of the 
milling machine; Birth of the screw machine and turret 
lathe ; Introduction of the Univei-sal Milling Machine and 
the Multiple Spindle Drill-press; The sewing machine, 
breach-loadii^g gun, type- writer, and bicycle .... 2 

Special machine for each piece in the manufacture of sewing 
machines ; Introduction of drop forgings .... 3 

Organization of firms for the manufacture of small tools; Birth 
of the grinding machine as a machine-tool .... 4 

Accurate measuring of parts of machines at this date; Re- 
marks as to methods to employ in tool making ... 6 

First requisite necessary to become a tool-maker; Necessity 
of knowing the best means to reach a result .... 6 

Advisability of taking notes and sketches of devices, and note- 
book for that purpose 7 

Importance of interchangeability; Advisability of making 
special tools ; Examples of fixtures and tools selected in this 
work 8 

Attractive method of finishing the work; Attention to con- 
venience of adjustment; Quantity of iron and steel for fix- 
tures ; System of caring for tools ' 9 

Inspection of tools after use ; Adoption of a standard size of 
screws 10 

The way to get a system 11 

CHAPTER I. 

The Modern Tool Room and its Equipment. 

What tool making in a modern sense is ; Lathes ; Regular tool- 
maker's lathe 12 

(V) 



VI CONTENTS. 

PAGE 

Small lathes ; Features a lathe should possess where only one 
can be purchased 13 

Drill press, and on what its selection depends . . . .14 

Sensitive drill press; Universal milling machine; Vertical 
milling machine; Special vertical milling machine; Straddle 
or side mills ; Kight and left hand angular cutters . . 15 

Angular cutters for cutting spiral teeth ; Keamers and cutters; 
Cutters for grooving. taps ; Cutter for fluting reamers; Spiral 
mills ; T sl^t cutters ;. Large end mills ; Screw slotting cut- 
ters: Metal slitting saws; Cutter arbors; Planer jacks; 
Choice of a shaper or planer for the tool-room; Kangey 
shaper ; Requisites of a planer 16 

Hand lathe ; Tool grinders ; Modern tool grinder . . .17 

Small tool grinders ; A few suggestions ; Care of emery wheels. 38 

Care of all the parts in the machine subject to wear ; Standard 
shapes of wheels 19 

The Walker Tool Grinder ; The Universal Tool and Cutter 
Grinder ; Illustrations of a common form of facing cutter 
being sharpened, and of a variety of other familiar forms of 
tools that can be quickly sharpened 20 

Diagram enabling the workman to decide on the proper method 
of grinding various cutting edges ; View of a AValker Grinder 
grinding a tai^er mandrel on centres ; Various examples of 
straight and taper cylindrical grinding ; Operation of sharp- 
ening a taper or fluted reamer on centres ; Method of grind- 
ing a rose reamer on centres; General view of the Cincinnati 
Tool Grinder; Sectional view of Brown & Sharp Universal 
Grinder 21 

The Universal Tool and Cutter Grinder ; Illustrations of a few 
familiar grinding operations ; Method of sharpening a gear- 
cutter 22 

Best grinder for the general use of the tool-room ; Instructions 
as to the general care of grinders 23 

Selection and use of an emery wheel ; What should be aimed 
at in grinding 24 

Requisites of a wheel 25 

Greatest efficiency of a wheel in grinding ; Use of water in 
grinding 26 

Wheel for internal grinding; The ideal wheel . . . .27 

Trueing wheels; Mounting wheels; Direction of the movement 
of the w^ork in grinding; Illustration of the class of work 
ground by swiveling the head stock 28 



CONTENTS. Vii 

PACHft 

Tables for making accurate sizes in fractional inches and 
meters ; Table of decimal equivalents, 8ths, IGths, 32d8 and 
64ths of an inch ; Table of equivalents of millimeters and 

fractions of millimeters 29 

Table of wire gauge sizes in decimal parts of an inch . . 30 
Twist drill and steel wire gauge ; Bench and vises . . .81 
Automatic hack saw frame 32 



CHAPTER II. 
Files, and Their Use and Abuse. 

No economy in using files too long ; Use of partially- worn 
files; Distinguishable features of files 33 

Kinds of files ; Derivation of the names of some files ; Single- 
cut files ; Double files . 34 

Rasp-cut files ; Floats ; Selection of files for the tool-room ; 
Description of the particular files devoted to the use of tool- 
makers and die-sinkers 35 

Care of files ; Method of determining the kind of file needed by 
the workman 36 

Method of holding files 37 



CHAPTER III. 

Steel and Tempering. 

Necessity of having good steel of as near uniform quality as 

possible ; Annealing steel ; Method of annealing a piece of . 

steel quickly 38 

Properties of steel which is right ; General rules in hardening 

steel tools 39 

Use of standard chilling solutions; Manner of plunging the 

piece in the chill 40 

Another method for hardening objects which are to be as free 

from scale as possible ; Modes of drawing the tool . . 41 
Heating very small articles ; Hardening screw machine collets 

and dies ; Necessity of a uniform light in doing all kinds of 

hardening 42 

Table of temperatures in using an oil bath for drawing the 

work : Hardening of thin articles 43 



Viii CONTENTS. 

CHAPTER IV. 
Making Jias. 

PAGE 

Definition of a jig; General styles of jigs ; Advisability of con- 
structing a working model in manufacturing all interchange- 
able machinery or other metal work requiring accurate fits. 44 
Three-spindle combined drill and tapping machine ; Clamp jigs. 45 
Illustration of a piece having nearly all the variations occur- 
ring in pieces drilled in clamp jigs 46 

Box jigs; Example of box-jig work 48 

Six-spindle drill ; Soda mixture for drill work .... 50 
Drilling of cast iron; Jigs for small pieces; Box jigs with a 

clamp fixture 51 

Requisite in all kinds of jig work ; Reversing method for locat- 
ing the holes in all kinds of jig work 52 

CHAPTER V. 

Milling Machine Fixtures. 

One of the principal errors liable to occur in finishing surfaces 
on the milling machine ; Springing out of true in milling 
operations on cast iron : Illustration of a casting having both 
drill and milled work 53 

Principles of chucking and rechucking cast pieces in milling 
machines 54 

Paralleling the work 55 

Fixture for quantities of thin flat work 56 

CHAPTER VI. 

Tools and Fixtures for the Screw Machine. 

Screw machine or turret lathe ; Variety of work which may be 
executed with this machine ; Examples of turned work, and 
the method of producing each piece 58 

Fourteen-inch turret-head chucking machine and tools for gas- 
cocks ; Grinding cutters for box tools ; Butt mill with clamp 
collar 61 

" Trip" die holder ; Hollow or butt mills ; Spring screw thread- 
ing die 62 

Combination of a cut-off and knurling tool ; Checking knurl ; 
Convenient method of making tools for forming up pieces, or 
for special shapes, and examples of forms that may be made. 63 



CONTENTS. iX 

PAGE 

Illustrations of screvvs that may be produced on the screw 
machine; Boiler burnisher; Pomp on screw machines and 
turret lathes; Monitor lathes or turret-head chucking 
machine 64 

Spencer automatic screw machine 65 

Styles of chuck jaws in ordinary screw machines ; Usual set of 
tools for the turrets of the machines 66 

Box tool ; Cutting-off tool ; The chuck ... - . 67 

CHAPTEB VII. 

Bboaching. 

• 

Definition of broaching ; Broaching press and its management. 68 
Hand-sizing press; Hand-broaching presses; Tapping with 
tapping machines 69 

CHAPTER VIII. 
Punches and Dies for the Cutting and Drop Press. 

Plain round die for heavy duty ; Boring the hole through the 
die 70 

Method for holding the punches firm and true ; Finishing up a 
punch 71 

Necessity of varying the fit of the punch in the die according 
to the thickness of the stock to be cut ; Irregular shaped 
cutting dies 72 

Dies for small work ; Keying a large die into the block ; Coat- 
ing the top of the die with copper ; Laying out and drilling a 
circle of holes 73 

Driving a drift ; Side and edge views of drift ; Backing off 
irregular dies 74 

Upright die-sinking machine ; Fastening of irregular punches 
to the gate block or upper part of the press ; Laying out and 
roughing out the punch ; Mode of fitting the punch . . 75 

Use of lard oil in ** proving" all work 76 

Check or stop finger ; Flattening the work ; Punching holes in 
the work, or piercing ; Bending the work and drawing it out 
to special shapes 77 

Progressive die, and modifications of this tool . . . .78 

Use of the progressive die ; Lubrication of cutting dies . . 79 

Illustration of the use of the progressive die for a very compli- 
cated piece 80 



X CONTENTS. 

TAflE 

Mode of operating the tool 81 

Laying one the above die 82 

Parting die and illustration of work for which it may be used. 84 

Operation of the tool 85 

Compound dies ; Combination dies 86 

Illustration showing the top of a patent dredge box and die for 
same, and the mode of operation ; Details of making such 

a die 87 

Double-acting press ; Mode of setting all kinds of dies . . 88 
Advantages of using presses for all embossed work instead of 
the drop hammer; Handling of parting dies in the drop 

hammer 89 

CHAPTER IX. • 

Tools for Hollow- Ware. 

Hound cylindrical articles, drawn at several operations . . 91 
Grinder for leveling up rings, flat dies and any hardened piece ; 
Illustration showing the operation of making the parts of a 
cooker for boiling farinaceous food without burning . . 92 
The knee press ; Wiring dies ....... 93 

Power wiring and homing press 94 

Mode of forming the cover in one operation ; Operation of the 

die 96 

Bail machines 96 

Necessity for care in the construction of dies for tapered work ; 
Large toggle press and toggle-drawing press ; Necessity of 
flanging pieces of large size which are to be wired . . 97 

Combination dies; Fi*uit-can combination die . . . .98 
Double-action cutting and drawing die; Explanation of the 

shaping process known as ''drawing" 99 

Forcing dies and their employment 100 

Cutting dies and their construction 101 

Triple-action drawing dies and their construction . . .102 

CHAPTER X. 

EMBossn^G: Medal, Coin and Stamped Sheet Metal 

Ornaments. 

Cutting or engraving steel dies for raising or sinking the steel 

dies required for embossing ; Presses for such purposes . 104 
Illustration of the method employed in making coin dies . 105 



CONTENTS. XI 

PAGE 

Embossing spoons, forks, and similar articles ; Manipulation of 
stamped or raised sheet metal work ; Construction of dies for 
stamping and trimming at one operation . . .106 

Very large dies of steel ; Bronze or brass dies ; Important 
feature in all stamping dies ; Dies for tin ware and articles 
with plain or coarse ornamentation 107 

Manipulation of excessively deep pieces, and of circular pieces ; 
Embossing the small indentations on the end of a thimble, 
cane, whip, and umbrella mountings; The water die for 
exact reproductions of chased work 108 

Modeling in plaster of paris 109 

Making plaster of paris casts 110 

CHAPTER XI. 

Drop Forging. 

Facilities necessary ; Methods of dropping ; Blanking pieces 
which are to be dropped afterwards ; " Flashing" the edges. 112 

Combination of drop and trimming die ; Keeping the dies cool 
and free from scales 113 

Form of die for dropping circular pieces ; Manipulation of diffi- 
cult pieces ; Forging the crank hanger or bearing of a bicycle. 1 14 

Bapid method of forging ; Hardening drop dies . . .115 

Use of a vertical milling machine for die sinking or cutting; 
Lifter for heavy drops for forging ; Beproduction of dies . 116 



CHAPTER XII. 

Solid Drawn SHELiiS or Ferrules. 

Clipping, or Cutting^ and Drawing. 

Dies for cupping ; Double-acting press ; Illustration of the best 
forms of dies in use 118 

Mode of running the metal in cupping and drawing ; Sugges- 
tion as to change of construction of the dies . . . .121 

Sketch showing the most practical way to cup work with a 
single acting press ; Cupping large work .... 122 

Breaking down Shells. 

Break-down dies and their construction 123 

•Geared drawing press; Dial presses ; The index dial . .124 
Dies for the index dial 125 



Xii CONTENTS. 

PAGE 

Finishing and drawing press; Upright rack and pinion press; 

Horizontal press ; Hand drawing 126 

Splitting or wrinkling of work in drawing ; Shouldered work. 127 
Arrangement of the shell and tools for shouldered work ; Illus- 
tration showing how to draw an extra long ferrule . . 128 
Tapering in the draw-press ; Tapering a piece of work small at. 

the closed end 129 

Horizontal drawing and tapering machine; Tapering work 

smallest at the open end ; Striking up, heading and swaging ; 

Striking up the closed ends of work for ornamentation . .130 
Swaging ferrules ; To give ferrules special shapes for a part of 

their length ; Flanging or widening out work at the open 

end ; Mode of making irregular work 131 

Trimming; Different ways of trimming; Trimming lathe; 

Shearing tools 132 

Reamer or rotary file for sawed ferrules . . . . '.133 
Sleeve and knock-out pin ; Horizontal automatic drawing press ; 

Knurling, chasing, beading, etc.; The water die . . . 134 
Annealing and cleaning shells; Annealing furnace; Annealing 

in closed pans; Pickling and washing heavy shells . . 135 
Pickling and washing work which will not stand tumbling . 136 

CHAPTER XIII. 

Annealing, Pickling and Cleaning. 

Pickling copper, brass or German silver; Scaling copper; Cool- 
ing copper and other work 137 

Scaling iron or steel: Pickling iron pr steel . . . .138 

CHAPTER XIV. 

Tools for the Draw-Bench. 

Modern draw-benches; Round dies; Forming up the tube 

from flat strips 139 

Manner of keeping the tube from overlapping ; Striping the 

seam, and mixture for the purpose 140 

Funiace for brazing ; Drawing ordinary tube . . . .141 
Drawing with a plug; Removing surplus spelter . . . 142 
*' Checking " of large sizes of brass and German silver rods ; 
Drawing channels, ells, and other angles ; Drawing shapes 
that have thick and thin portions 143 



CONTENTS. xni 

FAGS 

Illustration of a shape made in five draws ; Die and plug for 
drawing pieces open on one side ; Forms of dies in two or 
more pieces, keyed up in a holder 144 

Drawing moulding pieces; Straightening work coming from 
the draw-bench ; Mandrel- drawing telescopic tube ; Turning 
the mandrels 145 

Set of dies for mandrel work ; Lubricating the mandrel while 
drawing 146 

Pump for delivering soap water on the die and tube ; Hydraulic 
drawing presses 147 

CHAPTER XV. 

Cutting and Assembling Pieces by Means of Ratchet 

Dial Plates at One Operation. 

Use of the ratchet dial and automatic feed to avoid hand work ; 
Example of such work ; Plan of tools and dial . . .149 

Operation of making a button ; Buttons having the medallion 
or top folded on the under side enclosing the back . . 160 

Advantages of the dial plate for rapidly handling work ; Illus- 
tration of bending wire 151 

CHAPTER XVI. 
The Header. 

The cut-off the most important part in all headers . . .152 

Operation with solid die machines ; Sources of trouble attached 
to the solid die machines 153 

Half round reamer in finishing both the solid and open dies ; 
Examples of special forms of headers; Open die, single 
stroke headers 154 

Solid die, single stroke headers ; Solid die, double stroke head- 
ers ; Solid die, double stroke, geared headers . . . .155 

Open die, double stroke headers . 156 

CHAPTER XVII. 

Tools for Fox Lathe. 

The Fox lathe and its advantages 157 

Mode of running the lathe when cutting or chasing threads; 
Chasing threads on brass . .158 



XiV CONTENTS. 

CHAPTER XVIII. 

Suggestions for a Set of Tools for Machining the Vari- 
ous Parts of a Bicycle. 

PAGE 

Finished crank-hanger and mode of working out the forging 

for this piece of work 159 

Operation of forming-up the crank-shaft 160 

Forming-up the rear bearing ; Crank for left side of machine. 161 

List of tools for this purpose 162 

Round taper, steel key, with smaller end threaded ; Steel balls, 
and method for making balls of both large and small diam- 
eter 163 

Grinding machine for steel balls 164 

Grinding the balls . . . 165 

Rear wheel and tube connection ; Tube connection for frame, 

with clamp for seat, and tools required 166 

Top part of frame, and tools required ; Bushings for rear wheel 

bearing, and tools required for machine-turned bushings . 167 
Construction of the hub, and manner of making it . . . 168 
Tools required to complete hub ; Seat post . . . .169 
Tools required for making seat post; Clamp washer to hold 

seat-bar or spring, and tools required ; Pedal hubs or bearings. 170 
Gauge for gauging counterbored holes ; Rat trap pedal . .171 
Tools required for making pedal ; Cap nut for end of crank, 
and tools; Front brace to saddle, and tools; Rear brace to 
saddle, and tools ; Left-hand jamb nut for locking sprocket 

wheel 172 

Small sprocket for rear wheel ; Methods of dropping this class 

of piece 173 

Tools required for small sprocket ; Forging for fork crown . 174 

Tubular forks ; Fork stem 175 

Cup bearing drawn from sheet steel ; Clamp collar . . .176 
Handle-bar post; Handle-bars cut off and bent from cold 

drawn steel tubes 177 

Grip with ferrules or cups ; Mode of fastening German silver 

ends 178 

Combination sprocket and crank, and tools required ; Blanking 

out the seat leather 179 

Attaching the metal parts to the leather, and tools required; 
Brazing together bicycle parts ; Special method, not gener- 
ally known, of preparing the joints 180 

Brazing table 182 

Treatment of the brazed parts 183 



CONTENTS. XV 

PAGE 

Polishing parts of a bicycle . 184 

MitisiroD 185 



CHAPTER XIX. 

The Plater's Dynamo. 

Definition of the ampere, volt, watt, and ohm . . . .186 
Definition of ''potential;" High and low potential currents; 

Parts of a dynamo 187 

Manner of winding dynamos for plating purposes . . . 188 
Turning-off of the commutators and renewal of the brushes; 

Care and management of the dynamo 189 

Excessive sparking and its remedies 190 

CHAPTER XX. 

Conclusion— With a Few Random Ideas, Culled from 

Many Sources. 

Truing of emery wheels; Varieties of diamonds or ';Bortz" . 191 
Cutter gnnding ; Grinding lathe tools, and cutting-off tools ; 

The Walker machine 192 

Testing holes ; Method of squaring the ends of steel bushings. 193 

APPENDIX. 

Illustration of a way of piecing together the cutter out of three 
separate cutters ; Quick and cheap manner of making short 
pieces of straight shafts or studs 195 

Tendency to perfect automatic features of machines ; Methods 
of some of the best examples of machine '' placing " . .196 

Importance of careful plans in evei^thing 197 

Index 199 



THE 



PRACTICAL TOOL-MAKER AND DESIGNER. 



INTRODUCTORY. 

It sometimes happens that a mechanical term under- 
goes through a change of methods, a transformation as to 
its meaning. Such is the case as to the present defini- 
tion of the name " tool maker." A hundred years ago, 
before the advent of machines of precision for working 
metal, a tool-maker was a sort of blacksmith. Such in- 
deed was my paternal great-grandfather, who, way back 
in the early part of this century, and just following the 
Revolution, had the reputation of being the best tool 
maker in western Massachusetts. The tools he made 
were such as were in common use by butchers, carpenters, 
shoemakers, etc. His greatest skill seemed to lie in the 
making of the broad-axe, and specimens still in existence 
show a wonderful degree of quality as to temper and 
durability. At the present time, however, the name re- 
fers to a special branch of the machinist's trade, and has 
particular reference to the making of the tools and fix- 
tures for such machines as the lathe, planer, drill-press, 
milling machine, screw machine, punching press, draw 
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2 PRACTICAL TOOL-MAKER AND DESIGNER. 

bench, wire mill, and of course all the accessory fixtures 
such as drills, taps, dies, reamers, milling cutters, etc. 

Up to about the year 1840, the tool-maker was still 
unborn. Soon after this, in several gun factories a sort 
of system of tool work was made necessary. The tools at 
that time, however, were simple., and consisted mostly of 
the standard varietj'^ of machinist tools specially arranged 
for individual work. Soon after that date came the ad- 
vent of the milling machine, of plain pattern, similar to 
the " Lincoln " type. This machine opened up new 
possibilities in the reproduction of irregular shaped 
pieces, and the milling tool maker was bom. 

About that time also, some skill in the construction of 
jigs was reached, mostly in gun-lock work. Outside of 
special lathes and drill-presses, no new tool came to the 
front until about 1854. During that year there w-ere 
born in a little town in Vermont the screw machine and 
the Turret lathe. 

Two or three years after came the Universal Milling 
Machine, and the Multiple Spindle Drill-press. At about 
the beginning of the Civil War, tool making reached the 
position of being called a separate trade, and the demand 
for such to work on government gun contracts soon ex- 
hausted the supply. At the close of the war came the 
sewing machine, and the first great demand for invention 
in tool construction came with it. Added to this were the 
breech-loading gun and the type-writer, and last of this 
era the machine-made watch. Of recent date, or in the 
last decade, is the bicycle. 



INTRODUCTORY. 3 

In the manufacture of sewing machines, owing to the 
very slight changes made and the long period between 
the changes, each piece of the machine where practica- 
ble, had a special machine, as near automatic as possible, 
designed to do one or more operations on its surfaces. 

To cut down the cost, short lathes were made and a 
dozen or more set in a row for one man or boy to run. 
A set of milling machines carried the table and arm 
from the rough casting to the finished piece, each ma- 
chine doing only one thing. There was little or no 
attempt at revolving chuck work, and the pieces were 
chucked as many times as there were operations. To 
facilitate so much re-chucking, spots or small projections 
were cast on the pieces, and from these all measurements 
were made. At this time the machine-made twist-drill 
and the milling cutter which retained its form when 
sharpened, were both an unknown quantity. What 
few twist-drills were necessary were made by hand, and 
the "drill file" still appears on the list of some file 
makers. 

To turn up, cut in the teeth and scrape to edge all by 
hand was the only way to obtain a milling cutter, and 
I well remember the small army of tool-makers it re- 
quired to keep comparatively few milling machines at 
work. 

This scraping of the edge of a cutter was long a puzzle 
to the uninitiated, and as a substitute to the file on this 
particular work is a six-to-one improvement. 

Drop forgings did not make their appearance in any 
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considerable quantity until 1870-1875, unless the very 
rough die forgings made under the trip-hammer could 
be called so. 

At this date, when forgings so accurate in shape and 
size as to require only working surfaces to be machined 
are the rule, the contemplation of some of the old work 
is an object lesson as to the growth of forging. 

Now also began the organizing of firms for the manu- 
facture of small tools, and by the year 1876, milling 
cutters, twist-drills, taps and dies, reamers and gauges 
were in the market in limited quantities and uncertain 
qualities. In the next five years, however, the technical 
difficulties of temper, quality of steel, etc., had been over- 
come, and the tool-maker was required to file less drills 
and scrape fewer cutters. 

Although grinding machines for grinding spinning 
spindles were in use fifly years ago or more, the grinding 
machine as a machine-tool is of late date. 

This machine had its birth in the shops of those w^ho 
made drills, reamers and cutters, and, being a good 
thing, was soon on sale to the public. From use in 
trueing up hardened work only, it has superseded the 
truth aimihilating file on all fine machine work, and the 
tool-maker can now be assured of round work that is 
straight and that will fit. 

In the early experience of the writer, accurate meas- 
urements were almost unknown. In the shop where he 
used his first piece of waste, there was kei)t in a velvet 
case a six-inch vernier calliper scale. On state occasions 
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this scale was brought out to use, and he is certain that 
most of the workmen had doubts as to its accuracy as 
compared with the good old way of the calliper and 
scale, and many an argument has he listened to during 
the noon hour for and against the "old man's" new- 
fangled notions. 

Later he had the temerity to purchase a micrometer, 
and then the debates became decidedly heated. Proof 
was produced in the form of an old and reliable (?) inch 
gauge (worn 0.006'' small) to show that the "mike" 
was untrue. Further evidence was not wanting, that no 
workman could work to one-thousandths anyway, and 
though the writer made many fine fits, and once repro- 
duced a piece without the original (which was called 
luck), most of his shop companions were still doubtful. 

At this date the accurate measuring of parts of ma- 
chines is a common, every-day affair, and hardly attracts 
notice. From a curiosity, the micrometer has become a 
necessity, and is fast taking the place of the snap or 
fixed gauge for ordinary work. The inch has received a 
new division, and instead of the full and scant sixty- 
fourth there has dawned upon us the decimal inch. It 
remains to only change the number of inches to ten in- 
stead of twelve to complete the work. The increase of 
the length of the inch would make the ten-thousandth 
more practicable than it is at present. 

Coming down to the subject of tool-making in general, 
I would offer a few remarks as to methods to employ. 
Much that I shall say will of course be open to modifica- 
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tion under dilBFerent conditions, and is not oflFered as 
advice, but as good practice in modem shops. To be- 
come a tool-maker one must necessarily be first a good 
machinist, next a close observer, to say nothing of 
having a decided turn towards invention. To be able 
to execute a drawing in a creditable manner is also 
desirable ; but it is far more essential that he should be 
able to make rapid and clear sketches of his ideas, and 
above all be competent to do most of his experimenting 
on paper. A tool or fixture that can be made to work 
on paper stands a better chance of success than a mere 
rough idea simply sketched on some one's brain. 

Not a small part of the profession — for I am so pleased 
to term it — is to know the best means to reach a result. 
Too frequently the machinery of a plant is purchased 
without a clear knowledge of the latest and best method 
of executing any certain operation or number of opera- 
tions. Many times a factory may be equipped with 
engine lathes, when screw machines would not only do 
better work, but more of it. An ordinary column drill 
press may, with the assistance of enough men, hand- 
levers and perseverance, to say nothing of cost, do a job 
which one man could do in half the time with a radial 
drill. A man can fiddle around on a shaper, turning 
out work which would almost make itself on a milling 
machine. One could go on and cite plenty of instances 
of this kind, but this is sufficient. 

Many times the workman in this line may be called 
upon to tinker up some kind of a " dingus" to meet an 
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end, such as rigging over a lathe into a forming ma- 
chine, for instance, but he can only arrive at such results 
as will be satisfactory to all concerned, by a previous 
knowledge of how it should be done on the proper 
machine. Hence comes the necessity of acquiring all 
the information possible on all subjects pertaining to the 
trade or profession. 

Not a small part of the business is the too often ne- 
glected accomplishment of taking notes and sketches of 
every device coming under your notice. He who only 
remembers, is a " workman,^' but he who commits his ac- 
quired knowledge to paper, adorns a professsion. 

The author's method is always to carry in his pocket 
a well-bound leather note-book of a uniform size of 3x5 
inches. Each daj'' all devices, whether of his own de- 
sign or from observation, are sketched on the pages, with 
such notes as may describe any feature not readily 
understood from the drawing. One or two blank pages 
are left, on which any future notes regarding the manip- 
ulation of the device may be jotted down, or desirable 
changes may be cited. Each one of these books bears 
both a number and also the first and last date of entry 
on the outside cover. 

There are also twenty-four other books, each lettered, 
from A to X, the last three letters in one book. These 
act as an index, and all sketches are indexed by name 
and in order. By reference to the index you may at 
any time refresh your memory upon a long-forgotten 
subject, or remembering about the date, the covers of the 
note-books will give you the key to what you want. 
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Not a small part of this note-book system is the con- 
stant practice of expressing your ideas both pictorially 
and in written descriptions. Those who have tried it 
under the writer's observation have acquired a degree of 
proficiency in describing their ideas, surprising from the 
short length of time in which it was attained. 

As interchangeability plays a most important part in 
all tool work, a liberal equipment of gauges should 
always be provided, constantly keeping in mind the one 
idea, as to cost in relation to profit. Never go into lux- 
uries unless they will pay. As an extreme example, do 
not build a set of tools costing $50 to do a Job for which 
only $35 is received. There is no money in it. 

As another example, if you can figure out that you 
can come out with an equal profit either with or without 
special tools, always make tlie tools. There is no loss, 
and they may prove a good investment. 

The author has sought in this work to select such 
examples of fixtures and tools as would show a general 
system or method, which nearly every class of tool 
work could follow in plan. It will be found that in 
nearly every instance the principles of some of the de- 
signs shown in this work will apply to the wants of the 
case. Once the theory of a design is well grounded, it 
will be comparatively easy to apply the knowledge when 
wanted. Always study simplicity of construction. Con- 
fine yourself to rigid necessitj^ only. Do not polish any 
part of the work not essential, but when you do polish a 
tool, let the finish be a work of art. It is possible to give 
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a piece of work a finished appearance without polish. 
Quite an attractive method is to blacken the work in the 
fire and then oil, afterwards giving the finished sur- 
faces a final polish, which will bring them out in relief- 

When the work is hardened it should be oiled as soon 
as removed from the water or becomes sufficiently cooled 
ofl*, which also leaves a neat finish if the polished sur- 
faces be brightened up. 

Too little detail is sometimes given to the convenience 
of adjustment. Such screws or parts as require frequent 
manipulation need to be* very convenient of access. 
Avoid special shaped wrenches, spanners, etc. Use 
plenty of iron and steel on all fixtures. First figure 
out how heavy you think it ought to be, and then mul- 
tiply by two. You will be on the safe side. Apropos 
of this is the story of the Scotch smith who forged him- 
self an anvil, the greater portion of which was seemingly 
in the horn. A\'hen called to task about the matter, he 
said, **Am thinkin ye'll noo brak they hoorn aff when it 
be stronger than the block." 

A problem to be solved quite frequently is the system 
of caring for the tools after they are made. This becomes 
a serious matter in large shops. Instances have come 
under the writer^s notice where the sets of tools run up 
into the tens of thousands. One very large factory 
where they make hardware, has, I think, a very simple 
if rather bulky method. Where the tools are kept there 
are arranged tiers of strong boxes all of one length but 
of various widths, according to the shape or size of the 
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fixtures. Each set is numbered to correspond witli its 
box. The boxes arc made t)nly as wanted, and after the 
tools are completed. There is an index book having a 
page to each set, and also an alphabetical arrangement 
by name as to the article which the tools make or assist 
to make. In each box is kept a large card, where a 
memorandum is made of any standard tools, such as 
reamers, taps or drills, required. On the opposite side 
of the card is a history of the tools. First, whose design, 
second, the machinists or tool-makers who performed the 
work. Should the tool be bi'oken, such fact is noted and 
by whom and when. Also date of repair and workman's 
name. By this method a biography of that set was 
always at hand, and the quickness with which the 
keeper could refer to the index and deliver any fixtures 
wanted, was astonishing. It might be mentioned that 
there were more than 3,000 sets of jigs alone. 

Another feature at this same factory consisted in in- 
spection after use. Every tool, of whatever nature, 
passed through the hands of an inspector before return- 
ing to the tool room, and was not put in place until in 
perfect repair. The foremen of the departments gave 
their checks for the tools at the tool room. After use 
they were returned to the inspector, who gave his check 
for the department check, thus showing at all times 
where the tools could be found. 

Another feature desirable is the adoption of a standard 
size of screws, which should be as limited in range as 
possible. Screws of rather fine pitch are preferable, as 
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it is much less difficult to tap a fine thread in steel than 
it is a coarse one. 

The way to get a system is to start with a system at 
the beginning. It is a huge task to arrange a set of 
tools after a shop has been running for several years. 
No doubt a few of the readers of this book will have an 
opportunity of beginning with a new plant, and to such 
I would say systemize, and ** begin too" with the first 
set of tools. No arbitrary method can be advanced that 
will fit all cases, but any system is better than none. 



CHAPTER I. 

THE MODERN TOOL ROOM AND ITS EQUIPMENT. 

Tool making in a modern sense is that branch of 
the machinist's trade relating to the designing and 
building of special tools and fixtures for the various 
machines used for the rapid production of light or heavy 
machinery, and metal articles of every description. So 
wide, however, has become the term in its meaning as to 
embrace almost every kind of manufacturing. The old 
style methods arc fast being replaced by entirely new 
processes. About the first thing thought of now in the 
equipment of a new plant is the tool room, and in most 
cases the first work is commenced there, to be followed 
later on by the gradual starting up of the machinery as 
fast as the tools and fixtures can be designed and built. 
In describing a modern tool room, the various machines 
necessary for fine work will be treated in rotation as to 
their importance, and the addition of duplicates of any 
or all machines, if desired, will be a matter of circum- 
stance and judgment. 

Lathes, 

The most important item in a tool room is a lathe. 

In considering a regular tool maker's lathe, attention is 

called to the general features of the one shown in Fig. 1. 

(12) 
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Note that an oil pan is provided to receive the chips, oil 
and other waste. 

Small lathes are best provided with a collet chuck for 
working up drill rod, and a convenient cabinet contain- 
ing chucks, tools and fixtures will many times pay for 
the investment. Have everything where it can be reached 
at once, and without leaving the machine. This advice 
can be extended to every machine in the factory with 
good results. 

When only one lathe can be purchased, it should com- 
bine the following features : Not less than 14-inch or 
more than 16-inch swing, with ten-foot bed ; hollow 
spindle, J-inch hole, or inch and one-eighth if to be had ; 
taper attachment, rise and fall rest, and feeds in all 
directions. Should be well gibed to bed, front and back, 
with long-ways under carriage, and a liberal allowance 
for wearing surfaces throughout. The head stock should 
be long and heavy, and both it and the apron should 
have every possible part protected from dust or chips. A 
compound or triple back gear is a desirable feature, em- 
bodying a wide range of speeds. The screw should be 
used for cutting threads only, and all other feeds be 
operated by independent rods driven by belt. The tail 
stock must be long, and the tail spindle of good diameter, 
and be clamped with a clamp at each end. For quick- 
ness see that the tail stock clamps to the bed with a cam 
or other quick operating device. Smooth outline to the 
castings and liberal amount of iron are essential. The 
counter-shaft will please best if fitted with friction 
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clutches, and by all means have all the cones fitted with 
flange at both ends. It is disagreeable to shift the belt 
off the upper cone onto the shaft. Note all the positions 
of the various handles for knuckle rappers. Both the 
screw in the tail stock and cross slide should be left- 
handed to produce a right-handed movement from a 
stationary screw. The hand wheel which moves the 
carriage along the bed, must on no account be at the 
right of the apron, but at the left. The lathe should be 
fitted with four-jawed independent and universal chuck, 
two-jawed chuck with flat independent moving jaws, a 
very true running chuck for holding rods when passed 
through the spindle, and a drill chuck fitted with taper 
to go in both head and tail stock ; a complete set of dogs, 
an angle plate, several small parallels of diflcrent thick- 
nesses, center reamers, and threading tools and turning 
tools of all desirable forms should find their place. Do 
not forget to have a nice trough raised on legs about a 
foot from the floor to catch all the chips, etc. 

Drill Press. 

Next in importance comes the drill press, Fig. 2. 
Its selection depends somewhat on the class of tools and 
fixtures in view. If there is to be much heavy drilling 
for milling machine fixtures, large jigs, etc., it would be 
well to procure a twenty or twenty-four inch column 
drill with back gear and power feed, as well as a side 
lever for drilling small holes. The lower bracket to the 
spindle head should slide up and down to give range, 
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and the table revolve around the column, and adjust up 
and down. A good drill-press vise or chuck with angu- 
lar movement of 90° will be a convenience. Two drill 
chucks, large and small, a complete set of drills adapted 
to the work, will complete the equipment of tools. A 
right and left hand arrangement of the belts will be a 
convenience in tapping holes true while in the same 
position as when drilled. 

For small holes time and drills can be saved by the 
use of a sensitive drill press, having a very small and 
light spindle driven with a belt having a tightener,. to 
regulate its driving capacity. 

For the production of accurate work in constructing 
fixtures, the universal milling machine, Fig. 3, is indis- 
pensable, since many varieties of work will take form 
under the milling cutters that would be nearly impos- 
sible otherwise. In addition to the regular fixtures fur- 
nished with the machine there should be procured a 
draw-back CoUett chuck for holding rods in the index 
head and a spring Collett chuck for the spindle to hold 
the various small reamers, end mills, etc., that have 
straight shanks. A vertical milling machine, Fig. 4, 
will be convenient for routing, die sinking, etc. If the 
work consists of much die work for drop*forging, etc., a 
special vertical machine, Fig. 5, will save its cost in a 
short time. 

For milling cutters, select some good-sized straddle or 
side mills. Fig. 6, not less than two, right and left hand 
angular cutters. Figs. 7, 8, 9 of each of the following 50°. 
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60°, 70° and 80°, a variety of angular cutters for cutting 
spiral teeth, reamers and cutters, a set of cutters for 
grooving taps and one for fluting reamers, Figs. 10, 11 
and 12. Several spiral mills, Fig. 13, of different widths 
and diameters. Some T slot cutters, Fig. 14, of differ- 
ent sizes, both right and left hand. Some large end 
mills, Fig. 15, with taper shanks. Screw slotting cutters 
Nos. 8 to 30, Fig. 16. Several large diameter metal 
slitting saws, Fig. 17, ^Y iV" ^V'-^i" thickness. Cutter 
arbors short and long for 1J"-1"-|" and |" holes in 
cutters. The special requirements of the work will soon 
accumulate a set of special cutters adapted to the needs 
of each special shop. Provide a few small planer jacks 
for leveling up irregular shaped parts to fixtures, etc. 
Should the equipment include a vertical milling ma- 
chine, see that all the end and butt mills are arranged 
to interchange with the other machines. 

In regard to the choice of a shaper or planer for the 
tool room, much will depend on the nature of the work. 
If there are a few fixtures to be made that cannot be 
reached with a milling machine, a rangey shaper will be 
found the handiest, but for general use a small planer, 
properly fitted with chuck and vise in the same manner 
as a shaper, will give the best of satisfaction, doing all 
the work that can be executed with the shaping ma- 
chine, and many long pieces that cannot. A planer for 
the tool room must be true, run noiselessly, have a quick 
return of at least five to one, and have a wide range of 
feed and two cutting speeds, one fast and one slow for 
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steel. A long and solid vise, together with a smaller 
swiveling vise, is essential, a complete set of bolts of 
diflFerent lengths; several steel parallels, and some planer 
jacks, from one to six inches high, are part of the tools 
needed. A. machine setting parallel with the line shaft 
will take up the least room, and be most convenient to 
the light. 

Hand-Lathe. 

On no account use your engine lathe for polishing 
with emery if you wish to keep it accurate. There are 
many reasons for this, the principal being the fact that 
such lathes are not properly protected from the emery 
and the dust, and are not usually intended for such 
work. Also they do not run fast enough. All work can 
be best polished at a high speed, and in a hand-lathe, 
similar to Fig. 18, which should be fitted with suitable 
chucks for holding all kinds of work. A small cabinet 
for containing the different grades of emery cloths, 
clamps, lead laps, soft and hard wood polishing sticks, 
hand tools, burnishers, etc., will enable the workmen to 
have at hand just what they want without looking for it. 
Drills of different sizes suitable for centering, with Several 
center reamers carefully sharpened, are also handy con- 
veniences. 

Tool' Grinders. 

For sharpening the tools, the modem tool-grinder, 
Fig. 19, with water-flooded emery wheel is by far super- 
ior to a grindstone. One having two wheels, a fine and 
2 
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coarse one, will be found the best for the purpose. Such 
a machine must be kept running true by the liberal use 
of a diamond tool, a convenience no tool room should be 
without. Improved machines of this class have trueing 
device attached. In addition there should be a small 
grinding head, to carry about four or five-inch wheels, 
provided with a number of wheels of different grades 
and diameters, some thick and some thin. The latter 
can be dispensed with if you have a universal tool 
grinder, Fig. 20, as there are provisions for extra wheels 
on all such machines. 

Small tool-grinders should have one of the wheels 
arranged over a small flat elevating table, see Fig. 89, 
for convenience in grinding work perfectly parallel, 
which is accomplished by passing the work between the 
wheel and the table, allowing the wheel to make only a 
very light cut. 

A Few Suggestions. — It is frequently the case that the 
cutter and tool grinder is operated by different men in 
the same shop, and no one person becomes as thoroughly 
familiar with the machine as would be desired. A few 
hints,, therefore, may be in order. 

The emery wheels should be kept clean, free from oil, 
and turned off with a black diamond, so that not more 
than a surface of jV i^^ch to \ inch comes in contact with 
the work. This is particularly applicable to cup-shaped 
wheels. If it is desired to do heavy cutting, the emery 
wheel should be revolved slowly while tming it up. 
When the wheel docs not cut as well as it ought, a coarse 
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file may be used for going over it, in order to bring out 
new cutting points. Emery wheels kept in good condi- 
tion will grind faster, truer, and what is most important, 
will not draw the temper of tools. If it is desired to put 
an exceedingly fine finish on such work as arbors, spin- 
dles, standards, etc., after they have been ground true, a 
wheel of 80 to 100 grade emery, with not more than a | 
inch face, should be used for taking this finishing cut. 
However very finely finished surfaces can be obtained 
with a wheel as coarse as 40 grade emery, if the work 
is passed very slowly across the face of the wheel, anc 
the wheel allowed to cut but slightly. If it is desired 
to do very accurate grinding or to obtain a fine finish, 
the wheel must be perfectly true, and in turning off the 
wheel the diamond should be secured to the table or 
slide. 

All the parts in the machine subject to wear should 
be well taken care of, and not allowed to get dirty or out 
of order. The spindle should be kept well adjusted to 
its bearings and well lubricated. The slide should be 
well cleaned from time to time and oiled, using a good 
grade of mineral lubricating oil. 

Many of the troubles often met with in tool grinding 
emanate from the lack of proper shaped wheels to fit the 
work. The cuts, Figs. 21, 22, showing the standard 
shapes easily obtained from the wheel makers, may 
prove of benefit to many. 

Small grinders should have all their parts easily 
accessible, and for rapidity, the external and internal 
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grinding features should admit of quick interchange 
without removing any of the parts or putting on any 
additional fixtures. 

The Walker Tool Grinder, shown in Fig. 23, em- 
bodies most of the desirable features mentioned, and is 
offered as an example of several similar types of this 
useful tool. Several illustrations are here given, with 
descriptions of grinding various shaped cutters and tools 
by the Walker system. 

Fig. 24 illustrates details of the Universal Tool and 
Cutter Grinder, grinding end and side face cutters. 
These operations possess many difficulties, especially 
when the teeth are cut near together, or when they 
approach the center. By this method the usual diffi- 
culties are all surmounted, and it is possible to grind 
teeth of the finest pitch with ease and rapidity, giving a 
straight line clearance, and grinding within one-sixteenth 
of an inch of the cutter center. Furthermore, the device 
is so constructed that all sleeves and sockets for holding 
the cutters are dispensed with. Every cutter is held by 
its own shank (either straight or taper), and is revolved 
upon the same, thus obtaining the most accurate results 
possible. 

Fig. 25 shows a common form of facing cutter being 
sharpened, and Fig. 26 shows a variety of other familiar 
forms of tools that can be quickly sharpened upon the 
machine. A beveled cup-shaped emery wheel is em- 
ployed, and amount of clearance can be varied when 
desired. 
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Fig. 27 will be found a very convenient diagram to 
enable the workman to decide on the proper method of 
grinding various cutting edges. The kind of wheel to 
use and the way the cutting surface should come in con- 
tact with the work are so clearly shown as to require no 
detailed description. 

Fig. 28 is a view of Walker grinder grinding a taper 
mandrel on centers. Note the position of the internal 
grinding fixtures when not in use. 

Fig. 29 illustrates various examples of straight and 
taper cylindrical grinding, all performed with one size 
and kind of plain wheel. 

Fig. 30 illustrates the operation of sharpening a taper 
or fluted reamer on centers. 

Fig. 31 is an illustration showing a method of grind- 
ing a rose reamer on centers. Such an arrangement 
permits of quick adjustment, it being only necessary to 
swing the table to the proper angle using a plain wheel 
and tooth rest attached to wheel base. 

Fig. 32 . is a general view of the Cincinnati tool 
grinder, one of many types of similar machines. This 
machine permits of a very wide adaptability of adjust- 
ment, being so arranged as to grind both cylindrical 
and flat work, as it is provided with a convenient vise 
and all the desirable and necessary fixtures for sharpen- 
ing every form of tool. 

Fig. 33 represents a part sectional view of Brown & 
Sharpe Universiil Grinder, and the method of arranging 
the steady rest for long pieces. In this arrangement 
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the steady rest (made of wood or brass) is not dead, but 
moves with the carriage, and is designed more to pre- 
vent the wheel from forcing the piece away from the cut 
than it is for keeping the work true. For accurate work 
required to be perfectly parallel, the dead steady rest 
fastened to the wheel head is far the best, as it acts as a 
gauge, the work passing between the wheel and the jaw 
or slide of the rest proper. 

Figs. 34 and 35 illustrate the Universal Tool and 
Cutter Grinder, and some details of its operations on 
chuck work ; Fig. 35 showing the machine grinding the 
side of a face cutter, which is held in a universal chuck 
supported by a graduated swivel holder. 

The chuck is a four inch Skinner Universal and com- 
bination. It is furnished with an extra set of jaws, and 
will hold all sizes below four inches. 

The spindle is fitted with improved double taper 
bearings, and runs in a sleeve box that is detaclmbly 
clamped in the swivel holder aforesaid, thus allowing 
the chuck and spindle to be quickly detached and other 
tools to be inserted in the holder. 

Fig. 34 illustrates a few fiimiliar grinding operations 
on w^ork held in the chuck, including some internal 
grinding. 

Fig. 36 illustrates the method of sharpening a gear 
cutter. 

The sliding carriage is first swung around at riglit 
angles to the grinding spindle, and the cutter holding 
device is then fastened to the same near the left-hand 
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end, in front of the wheel. The holder (124) is then 
adjusted and the tooth rest (126) is set so that its contact 
end coincides with the center of the cutter. 

The cutter is then clamped and the holder (124) is 
swung down out of the way, and the rest (128) is ad- 
justed in contact with the back of the cutter tooth to be 
ground. 

The stop (46) is then set to limit the movement of the 
slide and the first tooth is then ground. To grind a 
new tooth, loosen screw (84) and pull back rest (128) to 
allow the next tooth to pass. Holding the rest (128) in 
place with the hand, swing the back of the tooth against 
the same and tighten screw (84) and proceed with the 
grinding. 

By the above method all the teeth are ground exactly 
the same thickness. 

For the general use of the tool room where only one 
machine can be conveniently had, it is far better to pro- 
vide a universal grinder of range sufficient to cover the 
work. All the operations performed on the tool grinder 
are easily accomplished, and in addition, cylindrical 
pieces may be more conveniently ground either on the 
outside or internally. 

It would also be well to note the following instruc- 
tions as to the general care of such machines. 

The machines should be kept as clean as possible, and 
in no case should the bearings be allowed to "gum up.'' 
When bearings are opened and exposed for any purpose 
whatever, they should be carefully w'iped off, before they 
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are closed again, to free them from any grit that may 
have found its way upon the surfaces. 

A loose fit between the wheel spindle and its boxes 
will produce imperfect work, and when very fine w^ork 
is required the bearings should run nearly, if not quite, 
metal to metal. This necessarily will cause the boxes 
to heat, but in this case the heat is not injurious, for, as 
the bearings are hard and the boxes bronze, the belt 
will slip, unless it is exceedingly tight, before abrasion 
can occur. 

All end motion should be taken out of the wheel 
spindle before the wheel is used on the work. 

A satisfactory emery wheel is an important factor in 
the production of good work. Too much, however, 
must not be expected of one wheel. A variety of 
shapes, sizes and grades of wheels are necessary to bring 
out all the possibilities of the grinding machine, the 
same as a variety of shapes and sizes of tools are neces- 
sary to obtain the best results from the Lathe or Milling 
Machine. 

In selecting and using a w^heel, be governed by the 
character of the metal to be operated upon, the "shape 
and size of the work and the degree of accuracy desired. 
We have to consider the size of the particles of emerj" 
in the wheel, the hardness of the wheel and its width. 
We also have to determine the speed at which it is to be 
revolved, the speed at which the work is to travel or be 
revolved, and whether or not water is to be used. 

Aim in grinding to obtain an accurate or tme surface, 
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but as a true surface is almost always a good surface, it 
should be remembered that generally the same methods 
are employ.ed, whether an exact size or a fine finish is 
the object desired. 

Generally speaking, a wheel should be softer as the 
surface in contact with the work is increased. For ex- 
ample, a wheel 3V ii^ch face should be harder than one J 
inch face. If a wheel is hard and heats or chatters, it 
can often be made somewhat more eflfectivc by turning 
off a part of its cutting surface ; but it should be clearly 
understood that while this will sometimes prevent a 
hard wheel from heating or chattering the work, such 
a wheel will not prove as economical as one of the full 
width and proper grade, for it should be borne in mind 
that the grade should always bear the proper relation to 
the width- 

The width should be in proportion to the amount of 
material to be removed wath each revolution, and as a 
wheel cuts in proportion to the number of particles in 
contact with the work, less stock will ordinarily be re- 
moved by a narrow wheel than by one that is of full 
wddth. The feed will also have to be finer if a narrow 
wheel is used. 

The quality of the work as a rule is improved by 
using a wheel of full width if the wheel is soft in pro- 
portion. Judgment should be exercised in deciding 
upon the width of wheel to be used, as sometimes the 
work is of such size and shape as to make it necessary 
to use a wheel with a narrow face. Where this is the 
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case the wheel should, when strength will admit, be 
only that width throughout, and care should be taken 
that the grade is kept in the proper relation to the 
width. 

A wheel is most efficient in grinding just at the point 
before it ceases to crumble. The faster it is run up to 
this point the more stock will be removed and the more 
economically the work will be produced. Occasionally, 
however, it is necessary to run a wheel rather slowly, as 
the more slowly it runs the coarser it cuts and the less 
likely it is to change the temperature of the work. As 
a general rule, on any given stock, the softer the wheel 
the faster it should be run.. 

If a wheel is run rapidly, the particles of emery soon 
become dull, and have to be thrown away. To retard 
this loss it is well to run the wheel more slowly, as the 
length or area of the work increases. If the speed of the 
wheel is reduced, the speed of the work should be reduced 
accordingly. 

As the length or area of the work increases, the feed 
should be coarser, so that the wheel may travel the entire 
length or area of the piece while its diameter is practi- 
cally unchanged. 

Water should be used on such classes of work as are 
injuriously affected by a change in temperature caused 
by grinding. It should be used upon work revolved 
upon centres, as in this work a slight change of temper- 
ature will cause the wheel to cut on one side of the 
piece, after it has been ground apparently round. 
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In very accurate grinding, water is especially useful, 
for it should be remembered that the exactness of the 
work will be affected by a change in temperature which 
is not perceptible to the touch. 

In very accurate grinding it is also well to use the 
water over and over again, as by so doing there is less 
difference between the temperature of the water and that 
of the work than if fresh water is used. For many pur- 
poses soda water is the most satisfactory, as it has less 
tendency to rust the work or the machine. 

For internal grinding it is especially important that a 
wheel should be free cutting and the work revolved so 
slowly as to enable the wheel to readily do its work. 
The wheels should generally be softer than for external 
grinding, as a much larger portion of the periphery is in 
contact with the work. Their small diameters make it 
impossible for the proper periphery-speed to be obtained, 
and this must be considered in regulating the speed of 
the work. 

Soft free cutting wheels, such as are made by a number 
of the companies using the vitrified process, are the best 
for most purposes. The ideal wheel is the one composed 
entirely of cutting materials. The width of the wheel 
should be in proportion to the amount of stock to be re- 
moved at each revolution. The wheel should be soft in 
proportion to the surface in contact with the work. The 
speed of the wheel should be in proportion to its softness, 

I 

and the speed of the work should be in proportion to the 
speed of the wheel. 
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The speed, diameter and width of wheels, and the 
number of the emery cannot be changed without chang- 
ing the grade and cutting qualities of the wheels. 

Wheels should always be kept true. They can be 
easily kept so by trueing them off with a diamond tool, 
known as the black diamond or carbon point, held by 
hand or in the fixture sent wuth several of the machines. 
A new wheel should be started slowly and trued gradu- 
ally. 

In mounting emery wheels there should always be 

elastic washers placed between the wheel and the flanges. 
Sheet rubber is best for this purpose, but soft leather will 
answer very well. In some cases manufacturers of emery 
wheels attach a thick, soft paper washer to each side of 
the wheel for this purpose, in which case no further at- 
tention is required in this direction. 

In all kinds of grinding, the work should move in a 
direction opposite to that of the wheel at the cutting 
point, as shown by the arrows in Fig. 37. 

Fig. 37 also shows another illustration of the class of 
work ground by swiveling the head stock, in which may 
be included grinding the sides of collars, washers, milling 
cutters, etc. The plate or disk shown is held in the 
chuck, and the head stock is turned at right angles to 
tlie sliding table. The wheel is brought against the 
work bv the cross-feed, and the automatic table feed can 
be used for passing the work in front of the wheel. It 
is evident that the surfaces ground in this manner may 
be plain, concave or convex, according to the setting of 
the head stock. 
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As a convenience in making accurate sizes in frac- 
tional inches and meters, the following tables are given : 

Table, OF Decimal. Equivalents. 
8tfi8^ lethsy S2nde and 64th8 of an inch. 



8th8. 

i-125 
{=-.250 
1-^.375 
r=.50O 
^.025 
=.750 
i=.875 

leths. 

,V=.0625 

^g=r.l875 

A=.3125 
^=.4375 
A=.562.5 

-,t=.^75 

-1^.8125 

S=.9375 

82nds. 



^,= .03125 
A=.09375 
/j=.16625 



/2=.21875 
^=.28125 
i=.34375 
J^.40625 
J=. 46875 
^-.53125 
|=.59375 
J^.<i5625 
^^.71875 
|?=r.78125 
|7^.84875 
|5;=.90625 
li=.9(5875 

64th0. 

,Ar--=.01o625 
^=.046875 
^V=.078125 
tiV=. 109376 
V=. 140625 
i^.l71875 
|=. 2031 25 
i|=.234375 



U=. 265625 
Jlf=:r.2Jm875 
J J-^ .328126 
I J -.359375 
2}-:^ .390625 
n- .421875 
^|=r.4")3126 
^|=.484376 




Jl=.578126 
4 »^ .609375 
4!-=r.640626 
^3 = .671875 
iW.703125 
4l=r.734376 
1 1^.765626 
-U=.796875 
i|-828125 
f 6 --^.859376 
ji^.890625 
^J^.921875 
g^-r.953125 
J J =.984375 



Table op Decimal Equivalents 
Of Millimetres and Fractiojia of Millimetres. 



Mm. Inches. 
^V=.00079 
T?^=.00157 
^=.00236 
A=.00315 
^=.00394 
A-.00472 
,^-r.00o51 
1^5^.00630 
>„.-_=.00709 
[ft— 00787 
^i^.00S66 
^^^.00945 
U=.01024 
it=:.01102 
[j=.01181 



Mm. Incha. 

iJ=. 01260 
i=.01339 
-.01417 
:8=.01496 
fg --'.01575 
fji=r.01654 
1^=^.01732 
jfg-01811 
i;t=r.01890 
il^=:.019fl9 
ig^.02047 
ij=r.02126 
^S=. 02205 
^^^.02283 
|g =.02362 



Mm. Inches. 
I A =-.02441 
15^.02520 
I =.02598 
i-=. 02677 
» ^.02756 
III .=.02835 
^J=.02913 
^^=.02992 
i^^.03071 
|o=.03150 
U=.03228 
41^.03307 
i3=r.a3386 
4J ^.03465 
i J =.03543 
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Table of Decimal Equivalents 
Of Millimeters and Fractions of Millimeters — Continued, 



Mm. lnchc». 


Jtfim. Inchet, 


Mm. 


Inches, 


^S=.03()22 


7— .27559 


17- 


. .66929 


\ 


J =.08701 


8= .31496 


18- 


.70866 


i, 


5 =.08780 


9= .35438 


19= 


.74803 


i 


»r^. 08858 


10- .39370 


20= 


.78740 


w 


1-.03937 


11= .43307 


21= 


.82677 


2 


= .07874 


12- .47244 


22- 


.86614 


8 


- .11811 


13= .51181 


23= 


.90551 


4 


= .15748 


14= .55118 


24- 


.94488 


5 


::^ .l%a5 


15= .59055 


25= 


: .98425 


6 


- .23G22 


16 - .62992 


26= 


1.02362 




10 mi 


n. -= 1 Centimeter = 0.3937 inches. 


. 




10 cm. — 1 Decimeter = 3.9:J7 






10 dm. =1 Meter =-- 39.87 






25.4 mm. = 1 English Inch. 




Table 


OF Wire Gauge Sizes in Decimal Parts op an Inch. 




Ri ze of each Si ze of each 


Rizeofeach 


Size of each 




No. in deci- No. in deci- 


No. in deci- 


No. in deci- 


No. of 


mal parts of mal parts of ; No. of mal parts of 


mal parts of 


Wire 


an inch of 


an inch of || \\ire i an inch of 


an inch of 


Gauge. 


the Ameri- 


the Enj^- 


Gauge. the Ameri- 


the Eng- 




can Wire 


lish Wire 




can Wire 


lish W'ire 




Gauge. 


Gauge. 




Gauge. 


Gauge. 


0000 


.460 


.454 


19 


.0a539 


.042 


000 


.40904 


.425 


20 


.03196 


.035 


00 


.30480 


.380 


21 


.02846 


.032 





.32495 


.340 


22 


.02535 


.028 


1 


.28930 


.300 


2;^ 


.02257 


.025 


2 


.2;>763 


.284 


24 


.0201 


.022 


8 


.22942 


.259 


25 


.0179 


.020 


4 


.20431 


.238 


26 


.01594 


.018 


5 


.18194 


.220 


27 


.01419 


.016 


6 


.10202 


.203 


28 


.01264 


.014 




.14428 


.180 


29 


.01126 


.013 


8 


.12849 


.165 


30 


.01002 


.012 


9 


.11443 


.148 


81 


.00893 


.010 


10 


.10189 


.134 


82 


.00795 


.009 


11 


.09074 


.120 


83 


.00708 


.008 


12 


.08081 


.109 


34 


.0063 


.007 


13 


.07196 


.095 


j .3.5 


.Oa56l 


.oa5 


14 


.0(^408 


.083 


36 


.005 


.004 


15 


.a5707 


.072 


37 


.00445 




Ifi 


.05082 


.065 


38 


.00396 




17 


.04525 


.058 


39 


.00353 




18 


.0403 


.049 


40 


.00314 
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TwiBT Brill and Steel Wire Gauge. 
Thble qf Sixes qf Oat^ge in Decimal Parts of an Inch. 





1 
Siee of 1 


t 


Size of 


• 


Size of 




Size of 


No. 


Number in 


No. 


Number in 


No. 


Number in 


No. Numlier in 




Decimals. 


16 


Decimals. 


1 
! 31 


Decimals, 
.120 


1 
46 


Decimals. 

• 


1 


.227 


.175 


.079 


2 


.219 


17 


.172 


32 


.115 


' 47 


.077 


3 


.212 


18 


.168 


33 


.112 ; 


48 


.075 


4 


.207 


19 


.164 


34 


.110 


49 


.072 


5 


.204 


20 


.161 


35 


.108 


50 


.069 


6 


.201 


21 


.157 


36 


.106 


61 


.066 


7 


.199 


22 


.155 


37 


,103 


52 


.063 


8 


.197 


, 23 


.1.53 


38 


.101 


53 


.058 


9 


.194 


24 


,151 


39 


.099 


54 


.056 


10 


.191 


25 


.148 


40 


,m)7 


65 


.050 


11 


.188 


26 


.146 


41 


. ,095 


66 


.045 


12 


ASo 


27 


.143 


42 


.0i)2 


67 


.042 


13 


.182 


28 


,139 


43 


.088 


68 


.041 


14 


.180 


29 


,134 


44 


.085 


'■ 59 


.040 


15 


.178 


; 30 

1 


,127 


45 


.081 


60 


.039 



Bench and Vises, 

The bench and vises will need some care in both their 
selection and arrangement. The vises should be of dif- 
ferent sizes, and all, except one large one for chipping 
purposes, should be finished smooth in the face of the 
jaws, grinding the faces about .010 open at the lower or 
under side of the jaws. This form of jaw will not slip 
and will ensure your work from being " decorated " 
should you forget to put in your coppers, with which 
every vise should be fitted. Vises with swivel jaws and 
swivel base are far preferable for convenience in turning 
towards the light and for general use. The bench 
should be of hard wood, carefully made and varnished, 
and provided with a drawer by the side of each vise. 
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The width should not be less than three feet nor more 
than three and a half. For the small vises the height 
is thirty-six inches and for the large vises thirty-three 
inches. For- right-handed workmen place the vises a 
little to the left of the center of each window. 

In shops where there are many presses requiring nice 
and accurate fits to hardened parts, the universal surface 
grinder readily finds a place. Its adaptation to a wide 
range of work, the time saved in finishing, and the 
extreme accuracy of the results are its principal good 
points. All the trouble about work springing in harden- 
ing can be avoided by making the pieces over-size, 
hardening and grinding to size. 

For cutting off steel, a not very expensive, but very 
efficient, tool consists of an automatic hack saw frame 
actuated by a crank and using as a cutting tool a com- 
mon hack saw blade. 



CHAPTER II. 

FILES, AND THEIR USE AND ABUSE. 

It is rarely that a tool room is properly equipped with 
a complete set of files. Many so-called foremen have a 
notion that there is great economy in making a work- 
man use a file just as long as it removes the smallest 
particle of metal. With improved machinery to facili- 
tate their manufacture, the price of files has reached a 
point where few files are worth each more than the labor 
of one man for an hour. On this basis, just as soon as a 
file is only nine-tenths as good as a new one, it is as poor 
as you can afford to use. You will be losing time and 
money if it works slower than this point. Partially- 
worn files, however, have their uses in removing the 
rough scale from the work, or in filing across narrow 
surfaces, as a narrow surface is very liable to destroy the 
fine cutting edge of the file. 

Too little attention is also paid to the proper handling 
of files of all kinds, and more particularly is this true in 
regard to small files. The handle should be in propor- 
tion to the size of the file, and, every file should have a 
handle w-hile in use. 

Files have three distinguishable features, their length, 
their kind or name, and their cut. The length of a file 
is measured, not including the tang or shank. 
3 (83) 
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The style or kind of a file has usually a reference to 
its shape, but may and is sometimes designated by a 
name of which the origin is unknown. 

As to kind of file, there are flat, hand, mill, square, 
round, pillar, three square, half round, etc. Some files 
derive their names from their transverse sectional shape, 
and some from the purpose for which they are to be 
used, as, for instance, ** mills" for filing mill saws, pit- 
saw, and hook-tooth for filing saws of the same name. 
There are also distinctive features of shape in their 
length, as blunt, as being distinct from taper, which is 
the regular shape. Flat with safe edge, square-equaling, 
round edge, etc. 

All files, with one exception, are in size as to their 
length, the exception being in the case of equaling 
which are sometimes denoted by both length and wadth, 
as eiffht inches bv one-half inch. The cut or tooth of 
files is devided into three kinds, and each kind into 
four or five grades. The kinds of cut are single cut, 
double cut and rasp. 

Single-cut files are those having straight teeth run- 
ning across the face of the file at more or less angle. 
The grades are known as rough, coarse, bastard, second 
cut and smooth. Double-cut files have two courses of 
chisel cuts crossing each other. These two courses fill 
the surface of the file with teeth, inclining towards its 
point, the points of which resemble the diamond-shaped 
cutting tools in general use. 

Double files are graded into coarse, bastard, second 
cut, smooth, and dead smooth. 



FILES, AND THEIR USE AND ABUSE. 35 

Rasp cut files are made with a sharp pointed chisel, 
which raises up a single tooth independent from all the 
others. They are used almost entirely on wood, leather, 
and other non-metallic substances. The grades are 
coarse, bastard, second cut and smooth. 

There is another kind of file, which is not called a file, 
but a ** float." Such files are exceedingly coarse, are cut 
nearly straight across, and are used for filing lead and 
other very soft metals. 

In the selection of files for the tool-room, one of the 
most important things is their adaptability to the work 
in hand. It is poor policy to file a round hole with a 
square file, and just as poor policy to attempt to file a 
curved surface with a file having a curved surface de- 
rived from a larger circle than the curve of the work. 
Note this point about files: Variety and number of 
shapes are far more important than larger quantities of 
one or two individual lengths or kinds. Keep the work- 
man provided with all the shapes needed for the w^ork in 
hand, and of such a grade of cut as will enable him to 
first file the piece to shape and afterwards give it a finish 
if desired. 

As regards the common tanged files of six inches or 
more in length, they are too familiar to need description, 
but the particular files devoted to the use of tool makers 
and die sinkers require special mention as to their shape, 
size and the use to which they are adapted. Onl}'' those 
shapes W'hich are out of the common wnll be mentioned. 
Among the files adapted to the finishing of irregular, 
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curved surfaces may be noted the oval, crossing, auriform 
and sharp-edge oval. For angular surfaces of less than 
a right angle, you have the slitting, barrette, balance, 
ratchet, rivot, screw head, knife, cant, three square and 
lozenge. A very useful file is the crotchit, which is 
about the same as a warding, but with round edges. 
This is a very useful file on die and tool work, and 
should be provided in large and small sizes. Another 
convenience is the blunt file, especially round, three 
square and square. Also provide a set of riflers or short 
bent files. Scrapers of the same section as the commoner 
kinds of files are to be had, and are a great convenience. 

The greater range of shapes and sizes of files the tool 
maker is provided with, the better and quicker will he 
do his work. 

Very small files should be of the " needle '* variety, 
and small tanged files provided with long, slender 
handles, nearly if not quite straight. As before men- 
tioned, " keep a handle on every file in use." 

A not uncommon practice is the tumbling of files 
into a drawer or box when not in use. Such a practice is 
slovenly and an injury to the files, this being especially 
the case with coarse and fine files when mixed together. 
Files should be kept apart, as the striking of the surfaces 
together will dull them very rapidly. 

A neat way to determine the kind of file needed by the 
workman is to keep a sample of each file arranged on 
cards, and hung in a convenient place, where the men 
may look at them and judge of the shapes they will 
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need for their work. By such a plan there is no unneces- 
sary handling of the files, as if they are numbered the 
tool-room keeper may give out without delay just the one 
wanted. 

A convenient method of holding files consists of a 
wheel arranged on a standard, with notches around its 
edge to hold the files. The revolving of the wheel per- 
mits of bringing any of the files within reach at will. 



CHAPTER III. 



STEEL AND TEMPERING. 



One of the first requisites of tool making is good steel, 
of as near uniform quality as possible. Once you have 
a make and grade which you can handle successfully, let 
no one persuade you to change. In this case a bird in 
the hand is worth two in the bush. Always use circu- 
lar die blocks for punching and drawing dies wherever it 
is possible to do so. For small round punches, taps, 
small reamers, etc., it is nice to have a stock of drill rod, 
either stubbs or crescent being about equally good. In 
preparing the steel to be worked, always carefully anneal, 
for which purpose, if very much tool work is to be done, 
a small or medium-sized oven should be constructed. 
For taps, dies, and other threading tools, do not use steel 
of too high carbon percentage. It is not necessary to 
anneal polished drill rod. It is much better to invest in 
an oven than in files, drills and tool maker's time, which 
usually cost money. The usual method of heating and 
then burj- ing the steel in ashes or lime is all right for 
small quantities. If you have a muffle oven, you can 
make use of that for annealing your steel, leaving it in 
over night. Where it is necessary to anneal a piece of 
steel quickly, the following method may be practiced : 

(38) 
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First heat the piece to a cherry red, and allow to cool till 
it will lose all red color, and then cool off in soap water, 
which should be at hand ready prepared. Some steel 
will require to be annealed twice to remove the hard 
spots. Steel which is right should show, when hardened 
and broken, a clean fine white fracture free from coarse 
spots or flakes. If the steel is also of correct carbon per- 
centage, it will harden at not too high a temperature. 
Steel which requires too high a heat to chill will not 
stand much strain, but will be found generally unsatis- 
factory, having a tendency tt) chip off, crack, spring, and 
otherwise behave in anything but a proper manner. 

In hardening steel tools some general, but necessarj'' 
rules, will be of great service : First, the fire should 
always be of charcoal, hard coal, gas, or may be an oil 
furnace. The charcoal may be used in an ordinary 
forge, but hard coal must have special arrangements for 
its use. A common practice is to use a fire-pot or sala- 
mander, heating the steel from the flame of the coal pro- 
jected against a brick surface. To harden work uni- 
formly and so that it will look white and clean, two 
things are required : A solution which will protect the 
steel from the fire, and another which will chill the steel 
quickly, and also give it a nice white clean appearance. 
For the first, use a strong solution of equal quantities of 
sal soda and borax in water containing about one ounce 
of cyanide of potassium to the gallon. For the second, 
use a strong brine made of salt, and also about the same 
amount of cyanide as the first solution. This last should 
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be made with hot water, and after cooling, have added 
to it from one to two ounces to the gallon of oil of vitriol 
or sulphuric acid. Keep away from the fire in a cool 
place and also keep covered up. These solutions I have 
called the ** Standard " and have always found them 
reliable under all circumstances. 

The standard chilling solutions are used as follows: 
Should there be any holes near the edge of the steel or 
any thin parts liable to crack off, a little clay will be of 
great service to fill up the holes and prevent too rapid 
chilling of any thin portion of the tool. After a judi- 
cious application of clay, dip the work in the first mixture 
and place immediately, and while still wet, in the fire. 
Heat slowly and carefully, avoiding, if possible, heating 
any portion of the work too fast. The slower and more 
uniformly the heating is done the better the results will 
be. As soon as the heat has reached tlie proper temper- 
ature, which should be a clear bright red, dij) the work in 
the second pickle or hardening mixture, when, if you 
have performed the operation properly, the result will 
produce work of silvery whiteness and uniform temper. 
If you are in doubt about the steel, try a test i)iece first. 
In chilling all kinds of tools it is necessary to be careful 
how the piece is plunged in tlie cliill. Long pieces, sucli 
as punches, reamers, taps, etc., will spring less if held 
vertical. Thin pieces should go in edge-wise, and all 
work should be rapidly revolved around so that the steel 
may be as quickly cooled as possible. Do not swing 
from side to side while in tlie solution. As soon as the 
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piece has become thoroughly cooled, remove from the 
chilling mixture and slightly warm over the fire. This 
latter operation will remove the strain incident to any 
unequal heating or chilling which may have taken 
place during the operation. 

Another method for hardening objects which are to be 
as free from scale as possible, is to chill in oil of vitriol 
or sulphuric acid. For small objects use the acid full 
strength and for large pieces make a mixture of half 
acid and half water. The work will come out a dull 
gray and perfectly free from scale. If before heating 
the steel is coated with carbonate of soda, it will chill in 
the acid to silvery whiteness. If the pieces are to be 
left for any length of time, they must be oiled to prevent 
rusting. 

After polishing or grinding the finished surfaces, the 
tool may be drawn by means of a sand bath, which is 
nothing but an iron box filled with sand and heated 
over the fire ; the work to be drawn is laid on top of the 
sand. 

Another way is to cjraw the work over a gasoline 
burner, which produces very fine colors on the surfaces 
that are polished. 

A very modern way is to heat the work in an oil bath 
provided with a thermometer, using the tables usually 
furnished as to temperature required for special pur- 
poses. You may also draw the work in the good old- 
fashioned way by holding over a red-hot piece of iron. 
The slower the process of drawing is carried on the 
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tougher the steel will be after the operation. The price 
of success in hardening and tempering steel is eternal 
vigilance, and always remember how you failed the last 
time. 

Very small articles may be heated up in closed iron 
boxes, and when all of the pieces have reached the 
proper uniform heat or color, they may be dumped into 
either the standard chill or oil, as the nature of the 
work may require. Another way is to heat the pieces 
in an iron wire basket submerged in melted lead kept at 
the proper red heat. As iron and steel will float in 
melted lead, a cover must be put on the basket, and it 
will be necessarj'^ to hold it down under the lead or part 
of the pieces will not be heated. Keep the top of the 
melted lead covered with finely-powdered charcoal or 
coke, preferably a mixture of both. 

For hardening screw machine collets and dies, chilling 
the pieces in oil seems to toughen the steel. Much im- 
practicable information can be written on this subject, 
but as the author is writing for the benefit of the actual 
workman, only tried methods will have a place. 

In doing all kinds of hardening, do not have the forge 
furnace or other heating arrangements where there is too 
strong a light, and especially beware of such a location 
where the sun will shine in for a part of the day. It 
will be found very difficult to get uniform results unless 
you have a uniform light, as you will be liable to heat 
too hot when there is a bright light, and not hot enough 
when it becomes darker. 
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Should you use an oil bath for drawing the work, the 
following table of temperatures will be found useful. If 
the work is first polished, the colors will show as indi- 
cated. 



Color. 



Temperature. 



Tools which Require this Temper. 



Very Light Yellow. 

Light Yellow. 
Bright Yellow. 



420° F. 

448° F. 
468° F. 



Brown or Dark Yellow. ' 491° F. 



Spotted Red, Brown. 

Purple Blue. 

Blue. 
Dark Blue. 



510° F. 

529° to 531° F. 
549° F. 
601° F. 



Butt mills for braj^s, burnishers, lathe tools 
for brass, drawiiiK mandrels, scrapers, 
milling cutters, and all cutting tools for 
soli materials. 

Cutting t<K>ls for iron, hand tools, thread- 
ing dies for bras.s, euihos-siu'^ dies. 

All kinds of hand taps, and dies, reamers, 
small milling cutlers, drills fur brass, 
dies lor culling press, trueing blocks. 

Shear blades, large dies for pre»?, collets, 
and chuck Jaws, bending and forming 
dies. 

Tools lor wood not requiring to be filed, 
axes, chisels for wood, hammers aud dies 
for drop. 

lools for wood which must l)e filed, suit- 
able for hand springs, jaw pieces, etc. 

All kinds of percuKsi ve tools tor nielal, cold 
chifel.*', and quick springs. 

Springs, pieces subiect to shock, clutch 
bolts, cams with sharp cornera. 



In describing the making of different kinds of tools, 
reference will be made to the special temper required for 
each piece. You can harden thin articles, such as cir- 
cular cutters or other flat objects, by clamping, while 
hot, between two'thick iron plates. This method keeps 
the work from springing. If there is much of such work 
to do, the chilling plates may be backed with a water 
jacket to keep them from getting hot, as they will not 
chill unless cold. Rub the surfaces of the chill plates 
with some heavy-bodied grease, to act as a conductor of 
heat between the wt-rk and the chilling plates. Work 
which is to be hardened in oil will come out much 
cleaner if dusted with cyanide before heating. 
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MAKING JIGS. 



A JIG is a tool for accurately drilling one or more 
holes in various directions and positions. Only two 
general styles are in common use — the clamp jig and 
the box jig. Clamp jigs are for holding such pieces as 
have the holes all drilled in one general direction. Box 
jigs may be so constructed as to permit of drilling the 
holes at any angle with each other. For drilling with 
jigs, drill presses, having a number of spindles parallel 
with each other and running at diiferent speeds, are em- 
ployed. For larger work the feed may raise and lower 
the table, but for smaller holes, sensitive drills having 
each spindle operated separately are preferable. 

In manufacturing all interchangeable machinery or 
other metal work requiring accurate fits, a perfect work- 
ing model, exactly like the finished product is to be, 
should first be constructed, all the fits of which should 
be as nearly right as possible. The machine should 
then be taken apart and numbered for future reference, 
and construction of fixtures for their reproduction. 
Having such a part, no measurements will be required 
as to location of holes, thickness of parts, or shape of 
surfaces. 

(44) 
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Fig. 38 shows a special three-spindle combined drill 
and tapping machine, manufactured by the Pratt & 
Whitney Company, Hartford, Conn. This machine was 
designed to drill and tap the holes for connecting 
sewing-machine beds and arms. The table, column and 
head are similar in design to the gang drill. Fig. 39. 
The fixtures holding the work are attached to the table, 
and are balanced by the ball weight. The spindles are 
counter-balanced independently, and move through a 
distance sufficient to operate the reversing attachment. 
When used in drilling, the reversing attachment for 
tapping is thrown out of gear by a screw not clearly 
shown in the engraving. 

Clamp Jigs. 

Clamp jigs generally consist of a surface or angle plate 
with the piece to be operated on clamped against its sur- 
face. For cast pieces there is always an element of vari- 
ation in size to be accounted for. For this reason, some 
prominent or important feature, preferably the part 
joined to some other portion of the machine, is always 
selected as a starting point from which every operation 
must be located or measured. Another point is the cer- 
tainty of the pieces being more or less crooked, which 
makes it necessary to select three principal points of 
contact as unchangeable, thus making it possible to re- 
chuck or clamp the piece at any time in any number of 
jigs exactly in the same position as when first drilled. 
For a similar reason clamp washers, etc., when clamped 
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against the rough iron should have three feet or resting 
points. For the same reason that a three-legged stool 
will always set solid, no matter how uneven the ground, 
three-logged clamps will hold firmly without any ten- 
dencv to draw the work out of true. Some of the bush- 
ings, however, are sometimes made to screw down 
against the piece and act as clamps. 

Fit in all bushings taper and without any shoulder, 
and when they get worn too large for accuracy, you may 
shrink them the same as drawing dies, the taper fit pro- 
viding for the bushing being smaller where it fits the 
jig. All bushings should be made very hard and pol- 
ished very smooth on the inside. Do not make the 
bushings too long, as they will lose size rapidly owing 
to the pressure of the chips. Depend upon keeping the 
holes fitting the drills, rather than their length, for 
accurate work. 

Keep the drills sharp and centrally ground, and thin 
on the point. Bushings which have to be removed 
for counter boring, facing off, etc., can be provided with 
handles and fitted in taper seats. Fig. 40 represents a 
piece having nearly all the variations occurring in pieces 
drilled in clamp-jigs. Figs. 41 to 43. As A is the bear- 
ing where the lever is to fit the main part of the 
machine, it is made the key to all the operations of 
machining the piece. The three points of contact are 
marked on the comers jB, C, D, as dots thus . Refer- 
ring to drawing, a centering cup screws up against the 
hub A from the under side, acting as a support 
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against the pressure of the drills and as a device to 
make the hole in A drill central. Supports having holes 
through them, and flat ends, are made to screw up 
against the under side of the three hubs, B, C, D, For 
convenience in chucking the bushing plate is shown 
hinged to one side of the plate, and provided with swing- 
ing bolt to fasten it down. To chuck the piece the four 
rests under A, B, C, D are screwed back, and the casting 
laid on the three clamp rests A". Next the cup-shaped 
piece under A is screwed up sufficiently to center the hub, 
and the jig plate closed down and fastened, the three 
clamp screws over the points x z x screwed down tight, 
the three rests under B, C, D screwed up to contact, and 
the piece is ready to drill. For convenience in facing 
off the hubs all the drills are provided with mills and all 
the bushings are removable. The counter boring and fac- 
ing of A is performed at one operation, the end of the mill 
being shaped up for the purpose. In tapering the hole 
in B the reamer should have a straight part just above 
the cutting portion fitted to a separate bushing, which 
method will prevent dodging of the reamer. The hole 
which intersects C is drilled with a bushing reaching 
down into the hole in such a way as to act as a guide. 
Provide this bushing with a dowel pin to prevent turning. 
Should the holes all require reaming smooth after 
drilling ; the same jig fitted with a separate set of bush- 
ings will answer, but in re-chucking the piece centering 
or locating pins should be pushed through A, and any 
one of the other holes. For reaming in the drill press 
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short pod reamers with left-hand spiral seem to give the 
best results. All kinds of jigs should be provided with 
small legs or feet to prevent chips from throwing the 
fixture out of true. 

Box Jigs. 

The name of this fixture is indicated by its box-like 
shape, it being simply a hollow iron case w4th the work 
enclosed inside. The various faces or sides of the box 
are made to correspond to the direction of the holes to 
be drilled, the flat surfaces provided with elevating feet 
acting as chucking faces. No matter how many and 
varied directions the holes may have to be drilled, they 
can all be reached with a box. Many individual forms 
occur subject to the fancy of the designer or the special 
features of each part, but the principle remains the same 
in all. Parts of machinery may be fastened into a re- 
movable clamp and inserted and removed, clamp and 
all. One or more sides can be left open and the piece 
chucked through the opening, clamping, as in the case 
of flat jigs. The box may be hinged in various ways 
that the work may be suitably clamped and the fixtures 
afterwards closed up, or it may be made to unjoint 
through the center. All these being only variations for 
convenience, for it still remains a box. 

As an example of box jig work, Figs. 44 and 45 rep- 
resent a drop forged bicycle crank hanger and the box 
jig for drilling and milling all the holes at one opera- 
tion. This piece presents a series of holes all at differ- 
ent angles and only tw^o in the same general direction. 



Fig. 44. 
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Every hole is provided with a surface on which to rest 
the jig while drilling. In order to get the slight angular 
difference between D D, revolving feet are arranged to 
elevate and lower one side at G G. All the work in this 
piece must be very centrally located, as the amount of 
stock left after drilling is very thin, and the outside sur- 
face is not machined, being filed or polished only suffic- 
iently to remove the scale and flash of the drop die. The 
hole through A is counter-bored at each end to receive 
the bushings. B C and D D are milled outside to the 
inside diameter of the frame tubing and drilled out to 
obtain lightness. 

■ The three points of contact selected are the ends of A 
and the connection C The ends of a are clamped and 
C is centered by a screw bushing which not only centers 
the end with its cap-like end, but also prevents the 
whole piece from either revolving or moving endwise. 
The box jig, as shown in Fig. 45, consists of a frame 
with two open sides and one of the closed sides made to 
swing open on hinges as a convenience in chucking the 
piece. To facilitate the casting of the box, the pieces 
which receive the bushings for drilling through A are 
fastened to each side by suitable screws. There are two 
semicircular rests to receive the ends of ^, and in the 
center of the hinged part is a clamp screw swiveled into 
a shoe to act as a clamp for holding the forging in place. 
In chucking the w^ork the forging is placed in the rests 
and the hinged part closed up and locked. Next the 
clamp F is lightly screwed up and then the bushing over 
4 
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C screwed down sufficiently to center the end. The screw 
F is now screwed up tight and bushing over C given a 
final twist, and the piece is ready to drill. In drilling 
so large a hole as A with only a thin shell of metal left 
after the hole is drilled, it is necessary, to prevent wring- 
ing and bulging of the thin shell, to first drill a smaller 
hole, and then redrill or ream the hole to the finished 
size. After drilling A you may remove the bushings 
and counter bore and face the end at the same time with 
a pin drill of proper shape. For fine work this last job 
should be executed with a pin mill having five cutting 
edges and made with plenty of clearance. One of such 
open form as to allow of grinding without changing its 
shape is preferred, and will not only produce uniform 
sizes, but smooth finish if kept carefully sharpened. All 
the other holes are first drilled out and then milled off 
with a hollow mill having an internal pin or guide, re- 
moving the bushings for the purpose. The pivot C 
should be the last hole drilled. 

To operate this fixture without changing drills will 
require a six-spindle drill, similar to the four-spindle 
drills in Fig. 39. All such drilling machines should be 
provided with a pump of liberal size for pumping the 
soda water or oil required to keep the tools cool and the 
chips washed away from the jig. No half way measure 
will do for fast and accurate Avork. The drills must 
simply be flooded. A soda mixture suitable for drill 
work consists of 8 parts soda, 1 part lard or sperm oil, 
and 1 5 parts water. Melt the soda in boiling water, add 
the oil, and cool off before using. 
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Cast iron is usually drilled dry, but may be forced by 
using soda water, the result being much smoother work 
and longer life to the cutting edges of the tools. Where 
water is used on cast iron, some trouble will occur from 
the fine chips getting into the pump. By having a 
settling basin overflowing into the supply tank to the 
pump, the chips will settle to the bottom, and the sur- 
plus water overflow into the tank, leaving the iron chips 
in the first basin. Brass work may also be lubricated 
with soap mixture, such as will be recommended for 
drawing brass, which will leave the newly cut surfaces 
with a very bright finish, and prevent unnecessary heat- 
ing of the drills and work. 

The almost endless variety of shapes occurring in 
practice precludes any universal construction of jigs, but 
all jigs, as before explained, are based or founded on 
the two general principles of clamp and box fixtures. 
For small pieces, jigs having a hinge like a bullet mould 
or a pair of tongs may be constructed to receive the 
work inside, the strength of the hand being sufficient to 
clamp the piece, while the hole or holes are being 
drilled. Such a tool may be provided with several 
different faces and bushings for drilling holes at different 
angles. Box jigs maj'^ be constructed with a clamp 
fixture made to fasten the work into, and then be in- 
serted in the box, clamp and all. Pieces of varying 
diameter may be clamped with jaws moved by a right 
and left screw, thus insuring accurate centering regard- 
less of their size. Where only one hole is to be drilled, 
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pieces may be drilled in a jig having a base rigidly 
attached to the table, and top part or bushing plate in the 
form of a hand clamp, thus providing a very rapid means 
of handling. Holes may be tapped square after drilling, 
using for the purpose a tap holder as described under the 
head of screw machine tools, the drill press being pro- 
vided with a back and forward motion, or a special tap- 
ping chuck. In all kinds of jig work, aim to drill every 
hole without re-chucking or handling the piece. In that 
way if you have made the tool right, €very piece will be 
right and uniform in every particular. Do not allow the 
bushings or drills to become worn out of size ; keep the 
former shrunk to size, and replace the latter with new 
ones. Great care must be taken to have the drills 
ground central ; when ground one-sided they have a 
tendency to drill a hole larger than themselves, pressing 
against the sides of the drill and bushing, prying the 
piece loose and out of true, and making bad work all 
around. 

For locating the holes in all kinds of jigs, what is 
known as the reversing method can be practised to ad- 
vantage, using as a guide or jig the sample or model 
piece taken from the model machine. In doing this, 
clamp the model on the bushing plate and drill through 
the holes wuth drills of the same size, thus making a jig 
of the sample piece. With care this may be accom- 
plished without injury to the model. Afterwards 
counter-bore out the holes to receive the bushings, 
taking care to have the guide pin fit the hole nicely. " 



CHAPTER V. 

MILLING MACHINE FIXTURES. 

One of the principal errors liable to occur in finishing 
surfaces on the milling machine is the tendency of the 
work to spring away from the cutting edge of the cutter^ 
the result principally of the width of the cut and weak- 
ness of the piece being operated on. To obtain great 
accuracy two cuts must be made, the second one very 
light, and the cutters very carefully sharpened. In mill- 
ing operations on cast iron there is always more or less 
springing out of true, both in casting, and when any 
considerable amount of stock must be removed from any 
one surface. The castings will also vary much in size 
which enters into the diflBculty of properly chucking the 
piece. For these reasons it is necessary to select some 
principal and important point from which to locate all 
future operations. Such point may be one of the prin- 
cipal bearings or large hole and should always be 
machined first, and every subsequent operation chucked 
or located from it. Fig. 46 represents a casting having 
both drill and milled work, and requires that the surface 
B be parallel with the holes in D and the holes of uni- 
form height above the surface B as shown at A, 

To provide a starting point, drill the holes D D Dy 

(53) 
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facing off the outer sides or faces of the hubs, chucking 
the piece in the jig centrally as regards D D D. Using 
these holes as a guide, we can proceed to mill the surface 
By constructing a milling fixture as shown in Fig. 47. 
This fixture consists of an angle plate D provided with 
a bearing and clamp, E F G, intended to clamp a man- 
drel passed through the holes already finished. One of 
the screws, J, should be taken as a gauge, and after the 
first piece never moved, taking up the wind and other 
imperfections by adjusting all the other screws to coin- 
cide, screwing down the clamps J E as the last opera- 
tion of chucking. By this method the piece may be 
rechucked for the finishing cut in exactly the same posi- 
tion as in the first instance, and should any spring occur 
from the removal of the scale during the first cut, the 
re-adjustment of the movable screws will take it all out. 
In screwing in the screws great care must be taken not 
to raise the work away from the fixed screw. It is 
preferable to have the screws for adjustment turn up 
with the fingers. They can also be made to simply push 
in and be fastened with set screws against their side. 

In the above illustration the cutter used is a facing 
mill, a form of tool capable of doing very rapid work if 
kept in order. It, however, has the defect of leaving 
circular tool marks on the work, to avoid which it is 
always necessary to keep the end play out of the spindle. 

The principles of chucking and re-chucking cast pieces 
in milling machines are all embodied in the foregoing 
description, and the main parts are, first, the proper 
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selection of some main feature from which to locate all 
the diflferent operations, and the fixed position of some 
point of contact or support for a renewal of any or all 
future work. When the casting is of such form as to 
permit of clamping in a horizontal position, three points 
of contact, selected for their regular location, may take 
the place of the mandrel and the one resting place de- 
scribed. 

To face off the inside of the hubs Z> Z>, a pair of 
centers made to fit the holes will ensure quick and accur- 
ate results, using two large headers for the purpose. 
Bear in mind, as explained under the head of jig work, 
that any further work — drilling, counter boring, etc. — 
can be interchangeably located by using the holes 
through 2) I> as a guide. This method of using a single 
locating feature for all the operations performed in one 
piece is the key note to accuracy and interchangability. 
Where two pieces join together in any way, and each 
have much machine work, their principal connecting 
feature, or where they join together, should be selected as 
a starting point. 

Wherever parallel surfaces occur, and the nature of 
the work will permit, make use of a pair of straddle 
mills. By this method a perfectly square piece, having 
parallel surfaces at right angles to each other, is certain 
to be the result. 

To increase the amount of work turned out by each 
machine, parallel the work, that is, operate on several 
pieces at once. To explain, supposing you are milling 
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taps, reamers, or similar work. Make a fixture which 
will carry several pieces side by side, and have an equal 
number of cutters, to cut all the taps or reamers at the 
same time, you may gear the parts together and revolve 
them all from one handle. On some classes of work 
where the pieces are short, two fixtures may be placed on 
one machine, one on each end of the table, and while the 
cut is being made on one, the other may be chucked, 
thus getting double duty out of one machine. Long and 
slender work may be held between centers and kept from 
springing with a "dead" steady rest, which is a rest 
fastened to the upright part or body of the machine. 
Such a rest has the feature of always remaining immed- 
iately under the cutter, the work sliding between the rest 
and the cutter. 

The tendency to spring, before referred to, would indi- 
cate the necessity of stiffness brought about by using 
plenty of metal, and large screws and bearings. Clamps 
of all kinds are best made with three feet, which will 
cause them to rest square and firm against the work. 

Where oil or soda water is to be used, provide suitable 
channels or rims around the fixtures to guide the oil or 
water to one point of escape, thus preventing unneces- 
sary slopping and waste. The best machines are pro- 
vided with pumps which permits of a copious supply of 
oil which is an excellent feature. For quantities of thin, 
flat work the fixture, Fig. 48, provides a means of chuck- 
ing or holding without danger of springing or necessity 
of hammering the pieces down. The work turned out 
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by this tool is unexcelled for accuracy. The cut repre- 
sents an end view, and the fixtures may be made as long 
as desired, having the binding screws D D and adjusting 
screws E E about three inches apart. 



CHAPTER VI. 

TOOLS AND FIXTURES FOR THE SCREW MACHINE. 

The variety of work that may be executed on a screw 
machine or turret lathe, Fig. 49, covers a very wide 
range. It is possible, with suitable tools, to make any 
form of piece that can be turned either on the hand or 
engine lathe. Many of the tools are standard and in 
universal use. Tap and die holders, with or without 
trip, box tools of various forms, knurling fixtures for 
both the slide and turret, butt mills, and screw cutting 
dies are a few of such tools. 

Chucks for small work should always be automatic 
when possible. Most screw machines are provided with 
automatic chucks and rod feed, and need no explana- 
tion. 

Figs. 50 to 59 show ten samples of turned work and 
the method of producing each piece, and the different 
tools used will be carefully described in turn. 

Fig. 50 is simply a piece cut off to length, which may 
be done as follows : Set the stop for length in the turret, 
and cut off with tool in slide, grinding the cut off tool a 
trifle longest on the right side, which will cut the piece 
in two without a pin on the end of the piece. Use oil on 
steel and iron, and work brass dry. 
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Fig. 51. Set stop same as before. Mill or turn up 
smaller part with box tool or butt mill, having the turn- 
ing tool cut the right distance for shoulder, as the stop 
screw on turret slide strikes. Cut off same as No. 1. 
Fig. 52, proceed . as in 51, to make small end where 
threaded, both may be turned at same time with double 
tool box. Thread with die in trip holder, and cut off 
same as before. 

Fig. 53 presents some new features. The groove at A 
must be cut in by tool on back of cross slide. Some 
machines have tool post for putting the tool upside down 
as shown in Fig. 49, that it may cut without reversing 
the machine ; where the tools are both of one level the 
lathe must be reversed to use the back tool. The best 
time to make the cut is after the machine is reversed to 
back off the die after cutting the thread, which saves 
reversing the machine once. To cut down the end at C 
and get the shape at 5, a box tool with two tools will 
finish both at one operation. If the size varies some- 
what from the heavy cut required, two motions and two 
tools will overcome the trouble. The threading and cut 
off are same as before. 

Fig. 54. This piece also will require both tools in the 
cross slide, and as we must mill or knurl the part at Ay 
we must make use of the knurl holder in the turret. We 
can also burnish with the roller burnislier such parts as 
require a finish. On iron or steel, burnishing it is very 
important, as it is more difficult to buff a nice finish, 
than on brass. Much time can be saved by burnishing 
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brass also, as very little buffing will bring the work to 
color after the roller burnish. The hole D will be 
drilled and then tapped with the tap holder, being careful 
to set the stop so that the tap will not butt, as if it does it 
will break. The operations in rotation are as follows : Set 
to length. Mill part C^ drill and tap Z), without changing 
direction cut in with back tool parts B and £, burnish 
B, knurl A, cut off. All these operations will require 
one more tool than there are holders. The best way to 
overcome this is to put a drill inside of the mill and drill 
and mill off the part C at one motion. 

Fig. 55 presents the feature of being large in the cen- 
ter and small at each end. Two tools will be required 
in the slide, one to cut in the groove at A and one 
special cut-off to cut off the piece and form the end at B. 
The milling of the two shoulders and cutting the screw 
have already been described. 

Fig. 56. If you have two box tools you can make the 
three shoulders on this piece in two operations, otherwise 
a small butt mill will turn up the small end. A special 
cut-off will round up and cut off the large end. 

Fig. 57. This piece has the same number of shoulders 
as Fig. 56, but in addition is threaded oh the outside 
and drilled and tapped on the inside of the small end. 

Fig. 58. In making this piece we must make use of 
the under cut tool, care being taken to mill off and 
thread the small end as the last turret work. Some 
difficulty will occur in cutting off and forming the small 
ball, which operation must not be hurried. The double 
knurling can be made with the turret tooL 
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Fig. 59. The only particular point about this piece 
is the lapping of the two cuts where they meet between 
the cut oflf and the under cut tool. The extra lines 
show the approximate arrangement of these two tools. 
All kinds of under-cut work must be well centered or 
supported by a suitable revolving center in the turret, as 
the strain from so heavv a cut will cause the work to not 
only chatter, but may break it off. You may turn off a 
special center to use while making the under cut, and 
afterwards mill to a finish, removing with the last cut 
any marks or imperfections left in the temporary center 
by the strain in forcing the under cut. 

Fig. 60 shows a fourteen-inch turret-head chucking 
machine and tools for gas cocks. 

In grinding the cutters for all box tools avoid all rake 
to the tool and be careful to get just the right amount 
of clearance both in the direction of the cut and in rela- 
tion to the surface of the work. Always oil-stone the 
edges to a fine edge if you wish a fine finish. Be very 
careful about the centering of the guides or follow 
blocks,* for if you get them too tight, your work will vary 
in size, and if you get them too loose it will chatter. 

When a great number of pieces of one kind are to be 
made, it is best to make use of butt mills for the work, 
as the tools can be fitted up in sets and put in the ma- 
chine much more quickly than box tools can be ad- 
justed. Fig. 61 illustrates the best form of mill, which 
should be fitted with a clamp collar, Fig. 62. The great 
advantage of this type of mill consists in the ease with 
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which it can be sharpened and its convenient adjust- 
ment to size. Fig. 63 is a *' trip " die holder for hold- 
ing small flat or button dies. These fixtures enable the 
machine to cut a thread up to the shoulder by means 
of a clutch pin on the front and a left-handed ratchet on 
the rear end. The work is threaded by running the die 
till the stop strikes and the clutch pin pulls oflF at the 
proper time, causing the die to revolve with the work 
and preventing its cutting farther than wanted, when, 
on reversing the machine, the ratchet will back the 
die off. A similar fixture has a smaller hole or chuck 
for the reception of taps, which are operated in the same 
manner as the dies. There are several expanding or 
trip dies in the market, which are of advantage on long 
threads, saving much time in backing off the dies. See 
Fig. 64. 

Hollotv or butt mills are often used on short cuts im- 
mediately preceding threading dies, but on long, straight 
cuts, and especially on square stock, and in cutting large- 
headed screws from a bar, they should be followed by a 
box tool. Mills can be readilj' sharpened by grinding 
the ends, without materially changing the cutting sides. 

Spring ecreio threading die. This die. Fig. 65, is adjust- 
able by means of the clamp collar that is furnished with 
each die-holder, but not with the die, unless especially 
ordered. The die is readily sharpened by an emery 
wheel. For uniform and well finished threads two dies 
should be used, one for roughing and one for finishing 
cut. 



Fig. 62. Fio. 6 
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Fig. G6 is a combination of cut off and knurling tool 
for the cut off slide, the knurling fixture setting on top 
of the cut off and being held by the same tool post. The 
upper tool is provided with a hinged part which folds 
back out of the way when the lower tool is in use. It 
sometimes happens that two tool posts will be needed to 
hold these tools. The need of such an arrangement will 
be apparent where the knurling is very much at one side 
of the work performed by the lower tool. 

Where it becomes necessary to check or knurl long 
pieces for nearly or the whole of their length, the check- 
ing knurl consisting of two knurl wheels having a single 
cut across their face, one wheel being a right spiral and 
the other a left, forms a verv efficient universal tool. In 
the illustration. Fig. 67, the tool shown is for use in an 
engine lathe, and the operation consists in feeding the 
tool along the work in a similar manner as when cutting 
a thread. For the Monitor lathe and screw machine a 
modification attached to the turret, which can be set to 
different sizes, will knurl or check straight work. 

A convenient method of making tools for forming up 
pieces, or special shapes, is that used and sold by the 
Pratt & Whitney Co. They make any form required to 
order, and can always duplicate any former order. 

Only a few of the forms that may be made are shown 
in the cuts, Fig. 68. The cutters are held rigidly, and 
the work done is of best character. Though their cost 
appears high, it will be found, upon consideration, that 
it is better to use them than forged tools that must be 
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fitted to a template by filing, because they can be sharp- 
ened and used longer without changing their form. 

Fig. 69 illustrates only a few of the various kinds of 
screws that may be easily produced on the screw machine, 
with the tools above described. 

For producing a fine finish it will be necessary to 
make use of a roller burnisher, which is nothing more 
than a smooth knurl. Extra pains must be used to 
have such rollers hard and with as smooth a polish as 
you can make. Use with oil on all kinds of work, and 
where the object to be burnished is of irregular shape, 
the roller must fit very nicely to get good results. 

A great convenience on all screw machines and turret 
lathes is a pump. For steel and iron work a pump is 
an absolute necessity for rapid work, as it insures a con- 
tinuous and ample supply of oil without any stoppages 
to refill tanks. 

Automatic screw machines must be run quite slow if 
good results are expected. The low cost of the w^ork on 
such machines consists in the number of machines one 
man can tend, and not in the speed of each individual 
machine. Always advise the purchase of automatics if 
the quantity is sufficient to run continuously for eight 
or ten days on one piece. 

Monitor Lathes or Turret-Head Chucking Machme, 

These machines are used for drilling, boring and 
reaming holes at a much faster rate and with more uni- 
fonnity than similar work can be done on lathes form- 
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erly used for the purpose. They are also largely used to 
finish parts of machinery, cast or forged pieces of irregu- 
lar outline and circular cross section, when fitted with 
necessary tools. They have the same construction as 
the revolving head screw machines above the bed, but 
are not furnished with wire feed apparatus, oil tank, or 
dripper, being intended for work on materials not re- 
quiring use of oil in cutting. The heads have provision 
for vertical and horizontal adjustment of the spindle in 
case its alignment with the turret holes is lost by wear. 
Fig. 70 shows a Spencer automatic 8ci*ew machine. 
The machines are designed for making screws, studs, 
or other circular pieces of various outlines from a bar of 
round, square or hexagon metal. All the operations are 
wholly automatic, being controlled by a series of cams on 
a shaft running lengthwise of the machine in the lower 
part of the frame. These cams are adjustable, so that 
the length of stroke of turret-slide, or of feed-tube, or of 
cut-oflf slide, can all be varied to suit size of screws to be 
made. The motion of the cam-shaft can also be made 
fast or slow, as may be desired for the tools when being 
brought to a position to do work, or when actuallj^ cut- 
ting. This variation is given by means of movable stops 
attached to a disc on the cam shaft, which ship the belt 
from one pulley to another. The tools are held in the 
revolving turret, which turns automatically when turret- 
slide reaches the end of its backward movement, thus 
bringing another tool into position to do its work. The 
work is held in a wire feed collet in spindle, which is 
5 
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driven by an open and crossed belt on two loose and one 
tight pulley, thus giving reversing movements for tap- 
ping. This belt is shipped by means of a disc on cam- 
shaft having movable dogs, enabling the time of shipping 
to be varied as required. The cut-oif slide is operated by 
means of a cam and levers, which are also adjustable to 
any length of stroke within the limits of machine. 

In ordinary screw machines with wire feed there are 
four styles of chuck jaws : the draw-in, the push-out, 
straight-face and bevel-face. When more than one 
machine is to be used, some should be push-out and some 
draw-in. 

In turning up work w-hich has much cutting on the 
face or flat sides, good, serviceable tools can be made by 
turning the shape up on the end or cutting edge of a 
mill. For shaping up work with the cross slide tools like 
the cuts, which can be sharpened without changing their 
shape, are very serviceable, and, though the first cost is 
more, the ultimate result will prove a money saver. See 
Fig. 68 for standard shapes. 

The usual set of tools for the turrets of the machines 
consists of one hollow mill and holder and one box tool 
(or two box tools), one or two die-holders and dies, one 
cutting-off tool, and one stop-gauge. 

The die holder may receive a tap in place of a die. 
The shank of the holder revolves in a sheath, or sleeve, 
which has its ends formed into right and left-hand 
clutches, which engage w^th pins or projections on the 
shank and head of the die-holder. The effect is to allow 
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the die or tap to remain stationary at the instant of 
reversing the motion, and to be backed without jar or 
danger of being broken, while the die may cut close up 
to a shoulder, or the tap be sent in to an exact and un- 
varying distance. 

The box tool, Fig. 71, is made to receive from two to 
five cutters (including one in the hollow shank), of a 
form adapted to the work they are intended to produce. 

The cutting-off tool, Fig. 72, consists of a cutter dove- 
tailed into a holder so as to be readily adjusted. The 
cutter may be sharpened by grinding without changing 
its fonn. 

The chuck, Fig. 73, has two jaws operated by a right 
and left-hand screw, and is furnished with machines that 
are not provided with wire-feed apparatus or drawback 
collet when ordered. 



CHAPTER VII. 



BROACHING. 



Broaching is the term applied to the operation of 
finishing the inside of irregular-shaped holes in all kinds 
of malleable or cast-iron work. Fig. 74 shows a broach- 
ing press. The process is simply punching out or 
broaching the hole with a punch and die. To get good 
results the bottom of the punch should be hollowed out 
a little, that it may cut a nice clean chip from the inside 
of the hole, and not have a tendency to dodge to one 
side should the rough or cored out hole be crooked. 
The stripper must be arranged to pull the work off 
square or the hole if very^ long will be injured when the 
punch is withdrawn. The special presses provided for 
such work are back geared and very powerful. Do not 
speed the press too fast, and use in all cases oil as a lubri- 
cant. When the cut is very heavy it will be necessary 
to do the work in two operations, too heavy a cut having 
a tendency to make the hole rough. Socket wrenches 
or similar fits are easily made in this way. If the cuts 
are made light enough, it is possible to broach cast iron 
in this way, using for the purpose several punches or 
broaches of different sizes. Such punches should be 
slightly larger at the cutting end, and for the finishing 
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cut or last operation, if clear through the piece, should 
work into a die, or you will break off or tear away the 
lower edge. The temper should be a trifle harder than 
for common punches and dies. 

Fig. 75 shows a hand-sizing press. It has been 
found in sewing-machine manufacture, and other inter- 
changeable work, that a large number of holes can be 
made much nearer to uniform gauge, and the surface left 
in better condition for wear, by forcing a hardened steel 
mandrel through the hole as a final operation. 

Hand broaching presses, Fig. 75, are convenient to 
force parts together, or as a substitute for driving man- 
drels in or out of pieces to be turned in the lathe. 

It is always necessary in tapping with tapping ma- 
chines to provide fixtures for holding the work in place. 
Large pieces can be held against the flat surface of the 
tail rest if the nature of the surface will permit. A two- 
jawed chuck having slip jaws similar to a turret lathe 
makes a very convenient attachment. Always set the 
machine to pull off" the clutch just as soon as the tap has 
gone in the proper distance. Do not run the machine 
too fast, as the sudden shock of starting the tap will cause 
a high percentage in broken taps. Keep the taps sharp. 
Use oil on wrought iron and steel. Work brass dry and, 
when the tap does not work right, do not oil it — sharjKu 
it. For cast iron if the tap is occasionally stuck into a 
cake of bee's wax, the result will be very nice threads 
and long life to the tap. 



CHAPTER VIII. 

PUNCHES AND DIES FOR THE CUTTING AND DROP PRESS. 

In treating this subject, the author aims to give such 
information as will overcome the *' hard spots " usually 
experienced by those who try and have more or less 
failures for want of previous experience. For plain, 
round dies, intended for heavy duty on steel, iron, or 
heavy gauges of brass or copper, note the following in- 
structions and the accompanying cuts. Fig. 76 shows a 
plain round die for heavy duty. The method shown for 
holding the die in the block presents some advantages. 
It will hold the die firmly, there are no projecting parts 
to catch the work, and it is cheap to make. In boring 
the hole through the die, do not make the too common 
mistake of tapering it a straight taper from the top or 
cutting edge, for if you do, you will be unable to keep 
the die in order. All cutting dies for whatsoever pur- 
pose must be made straight for a short distance from 
their cutting edge. The balance of the hole may be 
either tapered out or counter bored, as suits the fancy or 
convenience, and the tools at hand. 

After hardening, polish and draw to a brown. As the 
hole will shrink, and even sometimes get out of round, it 
will be necessary to polish out the die to size again with 
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a hard wood stick, emery and oil, holding the die in a 
speed lathe and the stick in the hand. It is best to catch 
the die in the chuck under side out, or you may bell or 
taper out the cutting edge. As a final finish, surface off 
the top of die on surface grinder. The work is ground 
by placing it on the adjustable table, and moved back 
and for^vard by the hand. It is best to have a separate 
plate on which to grind the work, as unless the plate be 
kept level you will not get good results. 

The foregoing instructions should have a prominent 
bearing on all fomis of cutting dies, especially that part 
which relates to the tapering or relieving out of the 
underside of the die. Some judgment will have to be 
exercised in regard to the thickness and the amount of 
steel around the hole. The heavier the duty the larger 
and stronger you must make the die. 

It will be seen by the sketch that the punch has a 
lock nut arrangement for holding it in the head or 
block. The method shown will hold the punches firm 
and tnie, and give the best results. The block or piece 
which holds the punch should properly be made of 
wrought iron or machinery steel. Modern presses are 
provided with a punch holder having a movable block, 
taking in one-half the shank and acting as a clamp. 
Such a holder requires the punches to have straight 
shanks. . 

In finishing up a punch of any kind be very careful 
about the outlines, as showm at the point X, Fig. 76. 
Do not leave any angles, or lines, or deep scratches in 



72 PRACTICAL TOOL-MAKER AND DESIGNER. 

the surface, for your punch will surely break off if you 
do. Make the outline a clean sweep and as plain and 
smooth as you can. Avoid all 0. G.s, beads, or other 
fancy outlines. 

When you have a universal grinder in the tool room 
you can grind the round punches to size after hardening. 
It will be necessary to vary the fit of the punch in the 
die according to the thickness of the stock to be cut. 
For thick gauges of iron or steel the punch should fit 
the die easy, not loose by any means, but a nice sliding 
lit. For such fils the punch should be hardened and 
somewhat softer than the die. For all kinds of thin 
metal work leave the punch soft. The reason for this is 
the necessity of keeping the punch a close fit in the die, 
or to be particular, the punch must bo proved or sheared 
in, which may be done by proving or upsetting the 
punches slightly, and shearing in or proving in as when 
first made. Always make and harden all dies before 
you finish the punch. Do not taper the cutting or 
working part of any punch, keep it straight. Large 
punches and dies to be used on presses of medium power 
or size should always have shear. If you desire to save 
the piece cut out, put shear on the die. If you wish the 
hole to a finish put shear on the punch. 

Irregular Shaped Cutting Dies. 

Few tool makers seem to acquire the knack of making 
odd shaped cutting dies in a skilful manner. To be 
sure the work looks well and sometimes works well, but 
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the amount of time put on the work is sometimes very 
surprising. The reader is asked to follow very closely 
the instructions and illustrations on this subject. 

For small work use round dies, as being the easiest to 
make and most convenient to hold. For large dies, 
square or oblong blocks may be used with beveled edges, 
and for a holder you may key the die into the block as 
shown in the cut, Fig. 77. First provide yourself with a 
template or pattern the exact size and shape of the piece 
to be cut, which may be filed up out of any convenient 
thin material. Having fitted the die to the holder, file 
off the top smoothly and coat over with copper, which 
you may accomplish by rubbing over the metal with a 
solution of sulphate of copper in water. The copper sur- 
face makes a nice material to show the ** scratch." Next 
lay on the template and carefully mark around the edge 
with a fine sharp scratch awL Next lay out a circle of 
holes just inside the line, and such a distance apart that 
the holes, when drilled, will not quite meet. Keep just 
inside the line in drilling, but the nearer you get to the 
line, and not go outside of it, the less labor will be re- 
quired to finish the work. In drilling all kinds of cast 
steel be careful and not run too fast ; and, strange as it 
may seem, if you have never tried it, a twist drill will 
work best dry. Grind the drill a little flatter than for 
iron, or as the drills are made and just a little one-sided. 
If you prefer to use oil, use only the very best lard oil, 
and use lots of it. 

As soon as you have your row of holes drilled around 
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the inside of the die, or rather the line which marks 
where the die is to be, drive a drift, part way through 
from each side, cutting out the remaining space left 
between the holes. Such a drift may be of such thick- 
ness as will be in proportion to the work, usually about 
yV inch. In tempering such drifts, temper by first 
hardening and afterwards drawing to a purple. When 
tempered, the same as you would a cold chisel, they will 
not stand, but will bend up and break off. Fig. 78 
shows side and edge views of drift. As soon as you have 
drifted away the stock betw^een the holes, the w^aste piece 
will drop out, when you may proceed, after chipping off 
the remaining projections, to the next operation, which is 
called out-lining^, and is accomplished as follow^s : 

Carefully bevel off the inside of the hole back to line, 
following the line as perfectly as you can. If properly 
done you will now have a line to file your die to, w^hich 
you can follow with very little trouble. If you have 
never tried this before it will be a surprise to you. In 
filing to a beveled outline fasten the die in the vise with 
the face side and beveled edge away from you or towards 
the light. 

In backing oflF irregular dies you can, if you have 
them, make use of either an upright or universal mill- 
ing machine, using a short taper end mill with rounded- 
oS* corners. Also be cautious about keeping the die 
straight for one-sixteenth or three thirty-seconds from 
the cutting edge. Straight parts of the die may be 
shaped with a bent tool in the shaper, or milled off with 



PLATE XXXU. 



PUNCHES AND DIES. 75 

a small mill, thereby saving much filing. A verj' con- 
venient tool for such purpose is the upright die sinking 
machine, shown in Fig. 79. Should you wish to tap 
any holes in the die for holding stripers or gauges, it is 
best to counter-bore the holes from the under side, leav- 
ing only a short distance to be tapped. Also bevel out 
or counter-sink the holes on the face side of the die. In 
hardening fill all such small holes with clay (any kind 
will do) before putting in the fire, or you may crack or 
chip off some of it. Having hardened and properly 
drawn your die, you are now ready to make the punch. 

The fastening of irregular punches to the gate block 
or upper part of the press admits of such wide variations 
that no set rule or plan will meet all cases, and it is best 
to draw upon your inventive faculties to meet each 
special case, being guided by the style of press you must 
use. A suggestion is to fit most small punches with 
taper shanks in carefully reamed holes. 

In laying out the punch, you can either mark the 
outline by scratching around the inside of the die, or 
make use of the template, being careful to reverse the 
pattern, that is, mark around its edge from the opposite 
side from which you scratched the die. Do not forget to 
copper the face of your punch. 

In roughing out the punch, drill, shape or mill every 
part of the work which you can get at in that way. 
Your work will look neater and you will be able to save 
time. Do not attempt to file the punch so that it will fit the 
diey but proceed in the following manner : 



76 PRACTICAL TOOL-MAKER AND DESIGNER. 

As soon as you have the punch roughed out, outline 
by beveling the edge the same as in the case of the die, 
only bevel off just a trifle inside of the line, just suflBc- 
ient so that the punch will enter into the die. Now to 
get an exact outline, it is only necessary to squeeze the 
punch slightly into the die. If the die is small you may 
do this in the vise, or if too largCi for the vise use the 
press itself, or you may provide yourself with a screw 
press, which is by far the best method. The distance 
which you may force the punch into the die will depend 
on the close way in which you have worked in roughing 
out the punch. Use plenty of good lard oil in " proving *' 
all work, this being the term applied to this operation. 

After carefully driving the punch out of the die, you 
may with suitably-ground cold chisels chip the stock 
away in advance of the cut which the die has made, 
re-proving the work from time to time, and the result 
will be a punch and die which will be an absolute fit, 
and will cut any material whatever without so much as 
the semblance of a burr. To bring the punch up to a 
cutting edge, it will be necessary to face or grind it off 
on the end as a last operation. 

The previous instructions in relation to hardening 
will hold good in these kinds of dies. Do not temper 
the punch if you can make it keep its edge without it. 
For very thick stock in steel or iron the shrink and con- 
sequent loose fit of the punch will do no harm. Also 
bear in mind the shear when needed. 

There is one fixture which is used and known by very 
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few makers of presses. That is " the check or stop fin- 
ger/' which will enable you to utilize every stroke of 
the press, no matter how fast it runs. This attachment 
consists of a steel finger attached to a rock shaft across 
the back of the press, and arranged to be lifted up 
slightly just as the gate or head finishes its stroke. In 
operation the end of the finger is adjusted to catch in 
the edge of the hole made by the last cut in such a man- 
ner as to allow for just the right amount of waste be- 
tween the cuts. As the punch rises the metal is fed 
forward, and the finger " checks '* or stops the metal at 
the right point for the next stroke. A single trial will 
demonstrate the great usefulness of this handy fixture. 
Even with the roller feed this feature is indispensable in 
producing good work. 

As all work buckles or dishes somewhat in cutting, if 
you desire the pieces flat, they may be flattened by means 
of a flatter tool, which is nothing but two pieces of steel of 
suitable size worked together in any kind of press. For 
small or thin work you may use a foot press, for medium 
thick pieces a crank press, and for heavy work the drop, 
or its more modern substitute, the toggle coining or em- 
bossing press- 
Up to the present part of this subject only plain pieces, 
having no holes, bends, or other variations, have been 
described. Some work must have holes punched in it, 
or as it is called, be pierced. It may also be bent to var- 
ious forms, or have some portion drawn out to special 
shapes. Of course all this work may be executed one 
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feature at a time, which for small quantities would be all 
right, but for any great quantity of work, where the cost 
price must necessarily be close, it becomes necessary to 
perform all the work possible at one stroke of the press. 
Three methods are employed to accomplish this, and 
they may be used either singly or in combination. They 
consist of the progressive die, the compound die, and the 
combination die. The most simple form of progressive 
die is used for making washers, and may be arranged to 
cut a single row, or be compounded to as many rows as 
the machine will carry. Except for the purpose above 
stated, this form of tool is but little known outside of a 
few shops, and is one of the tools which originated and 
was borrowed from the old Swiss watch makers. 

In order to thoroughly explain the modifications of 
this tool, it will be necessary to begin with the washer 
die, and finish up with a die which will make several 
pieces, some of them having several holes, bends or other 
work, all executed at one single stroke of the machine. 

In the illustration, Fig. 80, note that the small hole, 
Aj in the die is bushed, and for large washers it would 
be well to bush the large hole, B, also. Such dies should 
be fitted with stripper plate as shown, so that the strip 
of metal or stock will travel squarely over the die. The 
punch, £', must have a finder pin or guide, Ey and in 
making the die always fit the large punch first and 
prove in, or shear the small punch afterwards. A hole, 
X, in the stripper plate for the reception of the check or 
stop finger, will enable the press to run continuously. 
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In operation the die is used as follows : Push the strip 
of stock in as shown by the arrow, or from left to right 
in this instance, till the end of it reaches the line 8 8, 
Allow the press to make one stroke, when you will have 
a hole the size of the small punch. Next push the strip 
still farther forward till it reaches the stop or check fin- 
ger, when, on making another stroke of the machine, 
you will punch out a complete washer, and at the same 
time punch another hole for the next washer. By draw- 
ing the stock along and running the press continuously, 
you may continue to make washers as long as the strip 
of stock lasts, when you may begin as before. By means 
of the check finger and finder pin on the end of the large 
punch, your stock will be fed the right length and the 
hole will come central. By making the finder pin long 
and tapering it will work the best, but if too tight in the 
hole it will cause the pieces to dish. It will be plainly 
understood that it is not necessary to confine yourself to 
round pieces, nor does the hole necessarily have to be in 
the center of the work. Also you may pierce or punch 
more than one hole, and in the next instructions will be 
shown a die which performs several different operations, 
all of which are based on the simple die just described. 

For the manufacture of washers of large size in quan- 
tity, horizontal presses of special design, with automatic 
feed, knock out, and stripping head, are very economical 
in the cost of the work produced, as one operator attends 
to several presses. 

For lubricating all kinds of cutting dies use the fol- 
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lowing rule : For iron, copper, steel and German silver 
use a thin film of lard or sperm oil. For brass or other 
soft metals, soap water, which can be applied by means 
of a reel running in a box or tank containing the fluid 
mixture, winding the scrap or refuse piece on another 
reel upon the opposite side of the machine. Where the 
roller feed is used it is also best to use the check finger, 
also setting the rolls so that they will slip when the 
check catches the edge of the hole. In laying out all 
kinds of progressive dies do not forget to allow for scrap 
between the cuts. This necessitates having the center 
of holes, A By Fig. 80, in the washer die a little more 
than the diameter of the hole, B, apart. 

In the accompanying illustration, Fig. 81, of a pro- 
gressive die, use has been made of a very complicated 
piece so that the possibilities of this tool may be thor- 
oughly understood. In the drawing of the sample to 
be made, several difficult features present themselves. 
First, the edge of the piece at A is turned or" bent at 
right angles to the rest of the plate, and there is also at 
E a conical projection or flanged out hole. 

By the ordinary methods not less than four, and pos- 
sibly six, operations would be required to finish such 
pieces. We shall, however, show how it may be accom- 
plished at one operation. 

As the tool-maker has already received instructions 
covering the machine work on such dies, only the 
method need be explained, taking for the purpose a plan 
of the die and a side view of the punch head, with the 
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various punches and tools in relative position. In mak- 
ing a pattern for such a die, it will always be necessary, 
when there are bent or formed up parts, to make two 
templates or patterns, one plain or flat and one with the 
bends or other work all finished. 

For convenience in describing the face of the die, it 
has been divided into three sections by two dotted lines. 

The tool is operated in the following manner : Push 
the stock from left to right till it reaches the first line 
between sections 1 and 2. Allow the press to make one 
stroke. The result will be that the holes, £, B, Q will 
be punched out, and the part with one rounded edge 
which works in the slot. A, will cut and bend the flange 
or bent part of the pattern at A. Next push the stock 
along till it reaches the next line, between the sections 2 
and 3, when, on allowing the press to make another 
stroke, the large hole in the pattern at D will be 
punched or pierced out, and the flanging punch, £', 
will turn down the flange into the hole E. In order 
that all this part of the operation may be central and 
true, there are provided two finder or guide pins which 
work down into the die at C C, and through the holes 
previously punched by the punches and dies, B B, Dur- 
ing the second operation all the work which was accom- 
plished by the first stroke of the press will be repeated 
on a new portion of the strip of stock, brought in posi- 
tion by advancing the strip over the second section of 
the die. On moving the strip forward for the third 
time, the first two operations will be repeated and the 
6 
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finished piece will be blanked out through the die, F, 
Note that the stop is here placed after the die, -F, but 
may be placed to good advantage between sections one 
and three, punching for the purpose an index hole 
shown at Hy which is punched or pierced in waste ma- 
terial. Considerable space must be allow^ed between the 
top of the die and the under side of the stripper plate, to 
enable the flange. A, and conical projection, E^ to be 
lifted out of their dies as the piece is fed forward. No 
springs will be needed for the purpose, as the punches, 
B, By C, will pull up strong enough for the successful 
operation of the die. It is also well if possible to 
make each section of such dies a separate piece of steel, 
and to bush all the small holes. Bear in mind the 
necessity of fitting the large punch first and the small 
ones afterwards. It is also well on such long strings 
of tools to fit the two end punches first and afterwards 
shear or prove in the center ones, working from each 
end alternately towards the center. There should be a 
hole in the die at G, and the blanking out die should be 
relieved away at 7, that the turned dowm or flanged 
piece may slip easily into place. It would also be well 
to have a finder pin in the large punch, where it will 
center the piece by fitting into the flanged hole, E. 

Special presses are constructed for this class of work, 
having long openings in the bed, and four, or even five, 
sets of tools may be arranged to act progressively on one 
piece. In laying out the above die, use must be made 
of the flat template. First scratch aline across the center 
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of the pattern in a direction which would correspond 
with the long way of the strip of stock, or on a line with 
its movement from section 1 to section 3 of the die. 
Next scratch a line over the center of the dies while they 
are keyed in position in the block or holder. Next place 
the template on section one, being careful to have the 
line on the pattern coincide with the line on the face of 
the dies, and taking care to make the outside lines one- 
half of the width of the scrap between each cut, inside of 
the line or division, between sections 1 and 2. For the 
purpose of properly laying out the work, it is necessary 
to mark around the outside of the template, whenever 
you lay out any of the work, or you may have trouble in 
spacing off the proper distance for laying out the dies 
in section 2. In moving forw^ard the template to 
scratch the lines of the dies in section 2, move the pattern 
forward the width of the pattern at the point and in the 
direction of the line across its face, and enough more to 
allow for the scrap between the cuts. Note the foregoing 
carefully, or your die may not jibe when you come to 
use it. Proceed in scratching the second section just the 
same as in the first instance, being cautious to keep the 
lines on the pattern and on the die exactly opposite, and 
to scratch outside the template as before. Proceed witli 
the third as in both of the first two instances, extra pains 
being taken to space or move the template exactly the 
same distance forward as you did between 1 and 2. 
Note in this die, or any other having a bending or form- 
ing tool, that the punch A is rounded off on the left side. 
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and that room for stock must be allowed between the 
rounded comer and left side of corresponding die. This 
form of cutting and bending punch should be of good 
length to form the bend good and square. You may 
also have to make a test piece to get the hole C the 
proper size to flange out the projection E to the correct 
height. In order to save stock, irregular pieces may be 
turned at an angle, or may be even cut from both edges 
of the strip, the accompanyiijg cut, Fig. 82, showing 
such a piece and its position as cut out of the strip of 
metal or other material. By the use of progressive dies 
you will, from the above description, be able to make 
many very difficult pieces, and you are not confined to 
two or three sets of tools, but, if required, may make four, 
five, or even more sets as desired. By a little thought, 
you w^ill perceive the possibility of making several differ- 
ent shaped and sized pieces, bending, piercing, or emboss- 
ing any or all of the pieces as desired. The author once 
made all the parts of a small clock frame, with wheels, 
lever, etc., at one single operation. This latter suggestion 
will enable you to work your stock very close, and also 
very fast. In laying out such dies, pierce all the small 
holes first, then the next larger holes or pierced pieces, 
and so on till you have them all completed, stringing 
out vour sets of tools in as manv sections as desired. 

Another form of progressive die is called a parting 
die, and may be used for such work as shown in the 
illustration. Fig. 83, piercing a hole in each end of the 
piece and making the bend and side cuts as shown. 



Fig. 83. 



PLATE XXXV. 




k 



} 



Die BLOCM 



UNO 



^OPMi^a BIO C ft. 







f ®^ 



la 



^ 




Fig. 84. 



€ notes ARE PUNCneo 
Ft a ST fOP BOTH sioes 

OF HtN6£. 



o 



o 



o 



l/MF W^£t9£ MMBt Wnt A 



■,*o 



ee CUT APART 



o 



o 









B 



D 



ore WH/CH PU^^CHES 
MALF O^ H/N&F FNTlPetY 
THP0U6H 



OOTT£0 Lf/^£ SMOWS 
POSinOfn O^ AAfiT Ofi Htt>fS£ 
WM£M TatMM£0 BY Of£S CC, 

J 



c 




C 




sro0 

e 



To face page 84. 



PUNCHES AND DIES. 85 

The object of such a die is to make such pieces as can 
be easily cut up from stock which has been previously 
stripped up to the proper width. The two dotted lines 
show the position of the stock when over the die. The 
novel feature of this die consists in the fact that the piece 
is not cut out entire, but is parted or cut in two by a die 
having the outlines of the two ends of the piece, punch- 
ing the two holes, B i), and cutting the notches, C C, at 
the same stroke. 

The operation of the tool is as follows : Supposing the 
stock to be fed from left to right, the first cut would cut 
off the end G, punch the hole 5, and the notches C C 
The next operation will consist in pushing the piece 
against the stop, when on making a second stroke with 
the press you will cut off, or rather cut the strip in two, 
punching the holes, B D, cutting the notches, C (7, and 
forming the bend, F, thus after the first stroke making a 
complete piece, bend and all, at each revolution of the 
press. This style of die can be applied to many uses for 
cutting up strips of any material, one of its best features 
being its cheapness and also its comparatively small size 
in proportion to the length of the pieces it will produce. 
Such dies may be kept in stock for rounding the ends of 
bars, or bands, and punching holes in one or both ends 
at the same time, setting the gauge to the length of piece 
desired. For making hinges or butts the parting die 
should always be used, as there will be no waste of stock 
except the holes and the butt ends at each end of the 
strip of stock. As the fit would be too tight if the hinge 
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were put together as left by the cutting of the tool at J?, 
a re-trimming die, Fig. 84, will have to be added to 
broach or trim out the end at C. Note that all the holes 
are punched out at the first operation and that the part- 
ing of the piece at A makes both sides of the hinge at 
one stroke, without waste of stock. 

The author is aware that many who read this part of 
the work relative to cutting dies of various forms, will 
not be able to comprehend all the details at the first 
attempt. A proper solution of such trouble would be to 
sketch each separate example, and then arrange some 
modification from plans of your own. It has been the 
aim to show the method rather than the detail, as most 
tool makers have the skill to execute if they have the 
plan to work from, only lacking, in most instances, ex- 
perience, and an opportunity to try. 

Compound Dies, — Compound dies are so constructed as 
to make several pieces at one operation, usually all alike. 
A simple form of such a tool would consist of making 
the washer die, previously described, to cut several rows 
of washers at one time or out of one strip of metal. This 
method not only cheapens the labor cost, but also lessens 
the amount of scrap, and serves to produce a great num- 
ber of pieces from one machine. 

Combination dies are designed for the purpose of pro- 
ducing work of various forms at one motion — the object 
being reached by having parts of the die provided with 
springs that they may slide in and out, or follow the 
stock while being formed up, flanged out, or pierced. 



PUNCHES AND DIES. 87 

In the accompanying illustration, Fig. 85, the sample 
shows a top to a patent dredge box, and the die shown 
will cut out the blank, make the triangular holes, the 
small hole in the center, and emboss or stamp the name 
around the edge and center as shown. 

The operation consists in cutting the circle out w-here 
the punch and die come together at J J. As the punch 
comes down, the ring, J, /, held up by the springs, //, //, 
will hold the piece flat, while the inner part, or die block 
of the lower die, will push or draw the cup or top up into 
the upper part turning or drawing the rim. As soon as 
the piece is completely formed, the punches, £*, Z>, E, will 
pierce the holes, and afterwards the steel embossing 
stamps w-ill emboss or strike up the letters as shown. 
The piece after being finished will be forced out of the 
upper die by the stripper -F, which should be provided 
with springs for the purj)ose. .Some makes of presses 
have a knock-out working in the gate or ram of the 
press, and intended for special use in working combina- 
tion dies. 

The details of making such a die are similar to the 
work previously described. Harden and grind every 
part of this die to size, being careful not to have the 
punches and dies too hard. Make up out of as many 
pieces as convenient, which w'ill enable you to repair any 
broken part at small expense. 

You will not be limited to round work with this form 
of die but may adapt the tool to many similar uses, 
especially in hollow ware work of tin or copper. If you 
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have much of this kind of work to do, provide yourself 
with a press that can be inclined backwards, Fig. 86, 
which will cause the finished piece to drop out of the 
way and slide into a box placed back of the press. 
Extra care should be taken to set the die in the ma- 
chine, working the press around carefully by hand a few 
times till everything is all right. 

Where there is much work of this kind to do, it can 
be executed cheaper, both as to cost of tools and product, 
by means of a special double-acting press. Fig. 87, 
which permits of a wide range of production, both as to 
form and quantity. The dies for such a press require 
few springs, from the fact that there are two heads oper- 
ated by separate crank and cams. 

In setting all kinds of dies, always fasten the upper 
tool or punch first, then enter the punch into the die by 
hand, and bring the punch down carefully and while 
the lower part or die is loose, taking due precaution that 
the puncli remains in the die during the whole opera- 
tion. The last thing is to bolt or fasten the die block 
down firmly, taking care that it does not spring in the 
operation. When cutting dies get dull or chip off, and 
make bad work, they may be sharpened — the tempered 
dies and punches by grinding off the face of the die and 
punch, and where the punch is soft and the die hard, 
you may upset and shear, or prove in as previously de- 
scribed. For large dies with soft punches, a special 
upsetting L-shaped drift or swagoing bar may be put up 
through the die from below, and the bad spots touched 
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up and sheared in without removing the punch from 
the press. 

All that has been said in the foregoing pages is 
plainly applicable to the drop press, especially such dies 
as are intended for heavy bending or embossed work. It 
is an excellent plan to fasten a spring stripper on the 
drop head, to strip the work from the punch, and also 
to act as a cushion to take the shock of the drop. All 
embossed work such as medals, coins, badges, etc., have 
been heretofore produced by the drop hammer, but a 
better way is to follow the plan used in the mints, and 
use presses arranged like a rivet header with crank and 
toggle joint (see Embossing and Metal Work). The ad- 
vantages of this plan are the longer life of the die and 
consequent uniformity of the production. Parting dies 
which are in combination with bending, forming or 
swaging tools, can be handled nicely in the drop hammer, 
care being taken to see that the head fits tightl)^ between 
the ways. It may happen that the head will not fit 
snugly without lifting too hard. This trouble may be 
overcome by packing up the foot of the uprights so that 
they will be a trifle open at the upper end, causing the 
drop head to fit tight just as it strikes the die. Extra 
caution must always be exercised in seeing that the ram 
or gate of all presses fit snugly, and are positively without 
side motion. On fine work, where the dies fit the punches 
very close, the slightest movement out of true will shear 
the punch or die, and ruin it for nice work. Some 
presses have altogether too short bearing surfaces, and in 
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selecting such tools look well to this feature, and see that 
the sliding surfaces are long and true, and that all other 
bearings are ample in size and provided with removable 
bearings perfectly adjustable for wear. The clutch 
movement should be carefully considered, and should in 
all cases be easily removable without taking off the 
wheel. Reject any cutting or punch press intended for 
quick work which does not have a brake on the shaft, as 
checking the head by keeping the slide tight will cause 
the latter to heat up and become destroyed, ruining the 
press for accurate work. 
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CHAPTER IX. 



TOOLS FOR HOLLOW-WARE. 



Such a wide variation of work comes under this head, 
that to handle the question exhaustively would alone re- 
quire several volumes. Some general instructions, how- 
ever, will enable the tool-maker to make the tools and 
fixtures on general principles established by a few exam- 
ples taken from the average of work coming under this 
head. 

Round cylindiical articles, Draum at several operations. 
The first operation shell is drawn with "outside" blank- 
holders, but all the others with " inside " blank-holders, 
which hold the partly finished article at its lower beveled 
edge " 0," Fig. 88, while the punch draws it into a 
deeper shape of less diameter. These drawing and re- 
drawing dies are mostly made of a special grade of cast 
iron treated in such a manner as to give a very dense 
and uniform texture to tlie metal at the working surfaces. 
Sometimes, however, steel rings are set into the dies, and 
the blank-holders made of steel castings, which adds con- 
siderably to the durability of the tools. For articles 
which have to be very accurate in diameter, a hard steel 
" sizing " punch and die are sometimes used after the last 
drawing operation, 

(91) 
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For leveling up rings, flat dies, and any hardened 
piece which must be parallel, note the small and con- 
venient grinder illustrated in Fig. 89. Mention has 
been made several times of this tool, which is almost a 
necessity where presses and dies are in use. 

For straight or slightly tapered bodies of all kinds of 
utensils, such as tea kettles, pans, skillets, cups, etc., the 
work may be pulled up on the special toggle presses de- 
signed to meet such demands. Two-thirds of the diam- 
eter of the work may be turned or drawn up at the side. 
The parts to a cooker designed to boil farinaceous foods 
without burning, Figs. 90 and 91, cover nearly the 
entire range of work, and a full description of each 
piece, and of the various operations and tools required 
to produce them, will no doubt enable the workman 
to get at anything of a similar nature, or even when 
considerable modification of form may occur. 

The utensil is made up of three main parts, water 
bath, A^ cooker, J5, and the cover, C. The water bath 
may be draw^n up in the double acting press in one oper- 
ation, trimmed, and then crimped in at the top with the 
roller dies, Fig. 92, which w-ill form a supporting rim 
for the cooker ; the corrugations or crimps providing a 
means for the escape of the steam. It is necessary to 
crimp this support, because metal which has been drawn, 
and not afterwards annealed, will not flange either in- 
wards or outwards without splitting in the direction of 
the draw. In making the corrugations in the die, allow 
plenty of room for the surplus metal to rise upwards, 
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which will prevent the rolling down of the corrugations 
and the bulging out of the top. As will be noticed, the 
die is composed of a corrugated head, (?, with a retain- 
ing ring, F^ shrunk or driven on after the machine work 
and milling of the corrugations has been finished. 

The knee press, Fig. 93, with sliding table and ele- 
vating movement to the knee, is specially adapted to this 
class of work, though the piece may be set direct under 
the tool in this particular case. 

In forming up the part jB, two draws will be required, 
first, drawing up the metal as far as it will work at one 
draw, and further reducing it by a second draw, using a 
blank holder or hold down. The blank holder is at- 
tached to the outer head of the press and operates in the 
same manner as in drawing from the flat circle of metal, 
holding the metal flat against the die to prevent it from 
wrinkling. After trimming the rough edge, the imita- 
tion wire or bead may be rolled out with a set of three 
rolls arranged to swing around a common center, as 
shown in Fig. 94, the shape of the rolls being also 
shown in the same drawing. The bead around the cen- 
ter which stops the cooker against the corrugated top of 
the bath, Ay may be rolled or spun out with a beading 
roller from the inside. 

A more modern way of wiring is to use a press fitted 
with dies. 

Wiring dies. — The use of dies for wiring pieced tin- 
ware has almost entirely superseded the old methods ; 
their work being more uniform and the saving of time 
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and labor great. Dies can be made for either genuine or 
imitation wires. These dies require to be operated in 
presses especially adapted to the purpose. From 2,000 to 
8,000 pieces can be wired per day, according to size of 
work and skill of operator, and the work will be more 
satisfactory than that of a skilled operator with rollers. 

In straight-sided work and work but slightly flared, 
the tin will be turned around and under the wire quite 
perfectly. In work which is considerably flared, the tin 
will show a slight wave on the under side of the wire. If 
this is objectionable, it may be remedied by a turn, in the 
wiring roll, a simple operation which can be performed 
by a boy or an unskilled workman. An attachment may 
also be put on the Double Seaming Machine, that will 
smooth the wire after the bottom has been secured to 
the body, without extra handling. 

There are usually two, and sometimes three, operations 
in both genuine and imitation wiring, Fig. 94. After 
trimming, the piece is placed in a die and turned, thus 
p, and with a second die closed up to a complete circle, 
thus q. 

Fig. 95 shows a power wiring and horning press. 

To pierce the holes in for the reception of the rivets 
which hold on the bail luggs, remove the table from the 
knee press and insert the horn or mandrel upon which 
dies may be fastened to pierce both holes at one stroke. 
A similar die will be needed to punch the holes in the 
side of the cooker for riveting on the handle D, Fig. 90. 
The cover C may be either drawn up as a shallow cup 
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and afterwards headed to form the flange Fj or can be 
drawn, flange and all, in either a single acting press with 
spring hold down, or in a double acting press. 

For forming the cover in one operation, see Fig. 9G, the 
tool works as follows, the cut showing a double acting set 
of tools : The part L is the ordinary cutting and hold 
down die, a« already described. The drawing mandrel B 
has fitted in its end a cap or head held down, or rather 
pushed out, with a stiff" spring inside of the mandrel. A 
pin passes through at M both to keep the head in and 
prevent it from turning around. The die A, Fig. 96, is 
made sufficiently high to allow of being cut out on the 
under side, with an opening wide enough to allow the 
finished cover to fall or be pushed out from between the 
table, or holder, and the drawing part of the die. A por- 
tion of the die /, just equal to the width of the rim of 
the cover, is counter bored just a trifle larger, .008 or 
.0010, than the drawing part of the die, taking care to 
have the slight edge between the two diameters square 
and sharp. 

In the lower part of the holder is fitted a knock-out, 
used in this instance as an up-set. In the outer part of 
this piece are three or four thin stationary wings, F, 
working in corresponding grooves in D. The top or end 
of D at C corresponds to the shape of the top of the cover, 
and fits the bottom of the drawing mandrel to form the 
top of the cover. 

In operation this die works as follows: After cutting 
the blank, the punch ov mandrel will draw the piece 
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down to a point just beyond J, The knock-out should 
be timed to come against the end of B just as it begins to 
ascend, or rather as begins to ascend, as the spring 
will hold B down till the pin. My strikes and draws it 
up and out of the cover. The edge of the rim striking 
against the under side of the die at J, will cause to 
compress B and upset the flange tightly into a circular 
depression, //, and when the knock-out, By drops down 
tlie tight fit of the flange at H will draw the cover out 
of the die to be ejected by the wings, F, and finally, if 
the press be inclined, fall out at the back. If desired, 
small punches and dies, iV, iV, 0, 0, can be inserted to 
punch the holes for the handle, E, the puncheons or 
pieces falling down through the holes, P, P, P, or a sep- 
arate die may be made to punch the holes as a separate 
operation. If the above tool be kept sharp and in 
order the rim will need no trimming. The handle on 
the top of the cover, and the handle riveted to the 
side of the cooker, are examples of parting die work. 
The dies cutting off" the stock, piercing the holes, and 
making the bends at one operation. The bail lugs on 
the water bath should be punched out w-ith a progressive 
die, rounding the end of the blanking punch to corre- 
spond to the circular side of the bath. 

It should be understood that the cooker and water 
bath are retinned after being drawn up. 

Special bail machines, Fig. 97, are made for forming 
up the wire bails used, and though expensive, pay for 
themselves in a short time. 
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Too much care cannot be exercised in the construction 
of dies for tapered work, such as milk and dish pans, pie 
and cake tins, skillets, etc. It is usual for a majority of 
shops to draw such work, tapering as a first operation, 
and the wrinkled, crimped and awful work produced is 
something to behold. Drawing in such places is only a 
misnomer, as the presses only shape up the stuff for the 
spinner to finish. Even pie tins one inch high are spun, 
which is an unnecessary waste of time. Drawing con- 
sists in pulling a sheet of metal between surfaces equally 
distant from each other. To form up a piece as large as 
a dish pan with a taper punch is not drawing. As will 
be explained, under the head of solid drawn shells, 
all taper pieces, if desired smooth, must ftrst be drawn 
straight, and then tapered as a separate operation, being 
careful to round the end of the drawing punch only to 
the size of the small part of the taper. If the work is 
not too tapering, no spinning will be required. Fig. 98 
shows a large toggle press, and Fig. 99 a toggle-drawing 
press. 

Large drawn pieces having to be rolled or wired 
around the top, if made of tin plate, should stop at the 
point where the wire is inserted, thus leaving the work 
partly turned or wired. In a double-acting press, the 
piece will not only be drawn up out of the die, but the 
flange will cause it to strip off from the punch. It has 
before been noted that the edges of unannealed pieces are 
apt to split if bent at any great angle, hence the necessity 
of flanging pieces of large size which are to be wired. 
7 
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Combination Dies (Fig. 100) are used in single-action 
foot or power presses. They cut a blank, and at the 
same operation turn down its edge and form the article 
into shape. In most cases the articles thus made are of 
shallow shapes, their edges ordinarily not over y\ inch 
deep, as, for instance, can tops and bottoms, pail, bucket 
and cup bottoms, etc., etc. Quite frequently, however, 
dies of this class are used for making deeper articles, such 
as blacking, lard, salve, and other covers up to | inch 
deep, or for cutting and forming burner and gas-fixture 
parts, toys, etc., up to 1 inch deep or more. Suggestions 
concerning a large variety of shapes and styles of work 
such as can be done in combination dies, will be found 
on the following pages. Most combination dies are so 
arranged that the finished article is automatically pushed 
out from the dies by the action of springs. With a press 
set on an incline, the finished work will therefore slide 
back by gravity, effecting a considerable saving in labor 
and greatly increasing the speed of production. An ex- 
pert operator, with a medium size combination die in a 
power press, will produce from 15,000 to 17,000 pieces 
per day of ten hours. 

The cutting and working parts should be of the best 
cast steel, welded to wrought iron, thus making them 
solid, and consequently more durable than dies made 
partly of cast iron and in separate pieces. 

The Fruit Can Combination Die, with removable 
centre punch, is now quite generally used, and with the 
most satisfactory results. It is simple, saves expense and 
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the inconvenience of changing dies, as by this arrange- 
ment both tops and bottoms can be made with the same 
die, finishing the tops by one operation, and by simply 
removing the centre punch (while the die and punch are 
still in the press) make the bottoms. 

The vent punches in the cap dies can be easily re- 
moved for sharpening, and are adjustable, so that the 
vent holes can be made of any desired size. 

These dies are generally made entirely without springs 
when fitted to presses having knock-out attachment in the 
mandrel of the press which discharges the work from the 
upper die, and an attachment on the under side of the 
bed plate which throws it out of the lower die. 

Doiible-action Cutting and Lh^amng Die. Fig. 101, shows 
a "Solid bottom'' cutting and drawing die. These 
dies are used in double-action presses. They cut a 
blank, and at the same stroke of the press '^draw" it 
into shape, the kind and thickness of the metal used 
determining whether one or several operations are re- 
quired to obtain the desired depth and shape. The 
nature of the shaping process, which is known as "draw- 
ing," will be understood from the annexed sectional 
views of cutting and drawing dies. 

The lower die A is fastened to the bed of the press, 
while the combined cutting punch and blank-holder B 
is worked by the outer slide, and moves slightly in 
advance of the drawing-punch C, which is actuated by 
the inner slide. The outer slide of double-action presses 
is so arranged that, after making its stroke, it stops dur- 
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ing about one-quarter of the revolution of the crank 
shaft. The blank having been cut from the sheet by the 
cutting edges of A and By drops into the lower dies, and 
is there held between the annular pressure surfaces and 
P during the down " dwell " of the outer slide. While the 
blank is thus held under a pressure which can be regu- 
lated to suit the special requirements of each case, the 
drawing-punch C continues its downward movement, 
thus drawing the metals from between the pressing 
surfaces into the shape required. In this manner the 
metal is prevented from " wrinkling." Where a counter 
pressure in the lower die is required, dies of the kind 
shown in Fig. 101 are used. These have, in addition to 
the lower die, blank-holder, and drawing-punch, what is 
known as a " push-out plate," D. This plate rises at the 
same time as the blank-holder, 5, thus lifting the fin- 
ished article from out the lower die. 

Forcing dies are commonly employed under the drop- 
hammer to shape up such pieces as have raised ornamen- 
tations, and consist of a cast iron or brass die with a lead 
force cast into it by filling the die with melted metal of 
various compositions. The lower die or mould is first 
cither carved or modeled as to the pattern, and after 
casting is fitted to the drop and the mould or die care- 
fully scraped smooth. A head provided with a wrought- 
iron dove-tail or key being fastened into tlie drop, the 
mould is filled with the melted metal and the head let 
down into it. Giving the die light taps witli a hammer 
will have a tendency to work the air out of the force and 
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make a smoother job. Smoking the die with a little 
burning rosin will also make the metal run into all the 
openings. 

As soon as the metal has " set/' raise the head and 
allow to cool. After the metal has cooled, work in 
your force by allowing it to make a few hard blows 
in the empty mold, and then draw or drop a piece 
of metal somewhat thinner than the stock to be used. 
Repeat this operation several times> and then substi* 
tute the regular stock, and the force is ready to use. 
The composition of force metal for drop work consists 
of three parts tin, 3 parts lead, 1 of antimony and 2 of 
zinc. 

Catting dies consist of a "male" die or "punch," and 
the lower, or "female" die. They can be made in 
almost any size and shape for cutting out flat blanks 
in tin, brass, copper, zinc, silver, paper, leather, cloth, 
etc. Ordinarily, the lower die is hardened and tempered 
to a degree best suited for the work, while the punch is 
left comparatively soft, so that it can be "hammered" 
up, when worn. Sometimes, as in the case of playing- 
card dies, it is preferable to reverse this and make the 
punch hard, leaving the die soft. Circumstances deter- 
mine whether any, or how much shear shall be given to 
the cutting edge. For ordinary work in tin, brass, etc., 
u moderate amount of shear is desirable. Ordinarily, 
the steel cutting rings are welded to wrouglit-iron plates, 
after which they are hardened,' carefully tempered, and 
groTind on special machinery. In some cases it is pre- 
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ferable to fasten the steel dies in cast-iron chucks or die- 
beds by means of keys or screws. This applies more 
particularly to small dies. For cutting thick iron, steel, 
brass, and other heavy metals, both the die and punch 
should be hard, and provided with strippers. 

Triple-Action Drawing Dies, — These dies, Fig. 102, are 
used in presses intended as cutting, drawing and stamp- 
ing presses. They are frequenly used instead of the 
solid bottom double-action dies. Like these, they cut, 
draw and stamp at one operation, but they deliver the 
finished article below the die, instead of pushing it up, 
enabling the operator to feed continuously, instead of 
waiting for each piece to come up, before the next one 
can be cut. Their construction will be understood from 
the sectional view, Fig. 102, in which A (set on a raised 
bolster, JE*,) represents the cutting and drawing die ; £, 
the blank-holder and cutting punch ; C, the drawing and 
embossing punch, and D, the embossing die, which cor- 
responds in its action to the solid bottom in double- 
action dies. After the article is cut and drawn by the 
action of A, B, C, the punch, C, continues to advance 
and carries the drawn article down until its lower sur- 
face meets the embossing die, Z>, where it receives the 
required impression of beads, fancy designs, or lettering, 
etc. On the up-stroke of the punch the finished article 
is stripped from it by the edge, M, and the press being 
set on an incline, the work elides back by gravity be- 
neath the raised bolster, £", into a box placed behind the 
press. In this manner, embossed drawn articles can bo 
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produced as rapidly as ordinary plain covers in push- 
through dies. Triple-action dies are especially adapted 
for blacking-box, lard-pail, baking-powder, biscuit-tin 
and other covers, as also for seamless sardine boxes, 
some burner work, etc. 



CHAPTER X. 

EMBOSSING : MEDAL, COIN AND STAMPED SHEET METAL 

ORNAMENTS. 

To cut or engrave steel dies for raising or sinking the 
steel dies required for embossing is a separate art or 
trade by itself, requiring a natural adaptability, to say 
nothing of the artistic features. The ornamental bands 
around circular medals, badges, or coins are usually 
knurled, a raised or depressed ring being turned for the 
purpose. The medallion portion is first sketched or 
drawn on the leveled surface, which has previously been 
either coppered, or coated with a thin coat of zinc white 
thoroughly dried. Next cut away all the outer part to 
the depth required, exposing a silhouette of the figure, 
then cut in with small chisels, engravers' and die sink- 
ers' files the coarser details, boldly rounding all such 
parts as are to appear rounded. The fine details are 
engraved and chased in as a last operation. Much prac- 
tice and patience will be required to execute even a 
creditable looking job, but the two combined will event- 
ually succeed in overcoming the mechanical difficulties, 
the artistic features being a matter of taste and individ- 
ual adaptability. 

The presses. Fig. 103, constructed for such purposes 
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are very heavy and powerful, and are operated by means 
of a toggle, which arrangement gives a very powerful 
pressure, without shock or unnecessary strain on the 
dies. The objection to the use of the drop hammer 
exists in the tendency to wear off the fine details of the 
dies, and in the impracticability of getting every stroke 
exactly of the same force. With the toggle machine 
very delicate impressions can be obtained, and the ad- 
justment for pressure and effect can be brought to a 
nicety. Perhaps, as an illustration, the method em- 
ployed in making coin dies will be an interesting exam- 
ple of how the dies for such work are produced. 

In executing or engraving the dies for striking gold, 
silver, and other coins, the first operation consists in 
cutting or engraving on the face of a carefully annealed 
piece of steel an exact reproduction of one side of the 
coin. Understand, this die is precisely like the work is 
to look when finished, with the exception of the date, 
which space is left blank. This piece is then fitted into 
the press carefully, hardened and drawn to a deep straw 
color. In the meantime another piece of thoroughly 
annealed special steel has been fitted into the opposite 
side of the press, and the end carefully leveled and pol- 
ished. The next operation consists in putting the two 
pieces in the press and forcing the hardened die into the 
end of the soft steel till a perfect impression of every 
single line and detail appears. This reverse die or mould 
can now be trimmed up and hardened ready for use. 
The die for embossing the opposite side of the coin hav- 
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ing been made in the same manner, the two dies are 
inserted in the press and both sides of the coin " struck " 
at the same time. The date which changes from year to 
year is stamped in by hand after the impression of the 
** master" or hand cut die has been made. In making 
the impression from the master die the press is turned 
very slowly by hand, and the surfaces kept carefully 
oiled. This method of making the working dies permits 
of exact duplication of the worn-out ones, which would 
be possible in no other way, no workman being skillful 
enough to cut two dies exactly alike. Nearly all medals 
or medallions are finished in the same manner, to avoid 
accidental risks when working the dies. 

Spoons, forks, and similar articles are usually em- 
bossed under the drop, though there is a growing ten- 
dency to use heavy automatic presses, the dies lasting 
longer and the work being much more uniform. 

It is not customarv to coin or emboss the dies for 
such uses, though the method could be employed to 
advantage. 

The automatic features of such presses are very simple 
and easily kept in order. 

Stamped or raised sheet metal work must first be 
drawn or stamped up, and then trimmed up afterwards. 
The two operations may, however, be combined into a 
progressive die, which will stamp and trim at one opera- 
tion. In making dies for this purpose a lead force wull 
not do good work. Several methods are employed for 
making these dies. Both may be made of steel, one of 
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steel and one of copper or brass, one of hard bronze and 
one of soft brass, and for large work, one of cast iron and 
one of brass. 

The making of the steel dies has already been ex- 
plained. The engraved die and mold forming the thin 
metal between their surfaces. Some trouble will occur 
in the tendency of the metal to cut apart wherever per- 
pendicular lines or surfaces occur. Careful engraving 
and scraping away of the metal where the breaks occur 
is the only way to avoid such defects. 

For very large dies made of steel, it will be found 
necessary to drop the mould hot, carefully anneal, re- 
move the scale and then re-.drop cold. The substitution 
of a copper or brass mould in the place of the soft steel 
one will be suitable for thin metal. Bronze or brass 
dies are first cast from wooden or modeled patterns, and 
the mould or matrix from a plaster cast of the die, 
scraped and polished, and then dropped or forced till a 
clean impression appears. The die should be of hard 
brass or bronze, and the mould of much softer metal. 
One feature of importance in all stamping dies is the 
necessity of routing out or cutting deeper all the depres- 
sions of the mould, leaving all the high parts to be care- 
fully smoothed up and polished. This is necessary to pre- 
vent marking or injuring tho face or right side of the sheet 
metal. For tin ware and articles with plain or coarse 
ornamentation and large size, cast iron dies with brass or 
hard babbitt moulds will answer. When taking the 
plaster cast from the pattern for the die, you can relieve 
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the plaster mould in the deep places, thus saving much 
time in routing out the brass mould itself. 

When the stamped piece is very deep, or the figures 
much raised, it will be necessary to provide a hold down 
and two moulds, one for roughing out and having only 
a rough outline of the die> and one for finishing, anneal- 
ing the work between the operations. Excessively deep 
pieces maj'^ require three or even four draws to prevent 
pulling in two on tlie high lines. Circular pieces having 
ornamental borders not too close to the edge, or raised 
designs in the center, can be blanked out and stamped 
up in single acting presses with spring hold down, or in 
double-acting presses in the. regular way. It is always 
best where possible to incline the press for such work, as 
the finished pieces will fall out naturally. In turning 
up the shanks of such dies, clamp the die and mould to« 
gether, and turn or fit as one piece. This method will 
ensure the faces of the dies coming parallel with each 
other. 

The small indentations on the end of a thimble, cane, 
whip, and umbrella mountings, are embossed with knurl 
wheels where the design will permit. Very fine work is 
hand chased, which is performed by filling the articles 
with lead and afterwards driving the thin metal into the 
lead with chasing tools, the latter being small blunt 
chisels of proper sha])e to fit the designs or ornaments 
wanted. 

Exact reproductions of chased work can be produced 
with the water die, a fixture composed of a hinged 
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mould having the decorations cut on the inside, and 
enclosing the piece to be decorated filled full of water. 
The mould is placed under a press, and a plunger fitted 
to the gate or ram, and made to slide closely into the 
opening, when the confined water will force the metal 
against the sides of the mould, reproducing an exact copy 
of the design. Lamp bodies, all kinds of hollow ware, 
silver and britannia work, are now produced very cheaply 
in this manner. Very plain figures, swells, etc., can be 
made by substituting a piece of soft rubber for the water, 
having the plunger to strike the rubber and force it side- 
ways against the mould. 

The press with a sliding table and adjustable knee is 
best adapted for this work. The patterns for casting the 
dies from can be either carved in wood, or moulded in 
plaster or wax. The wood carving is so common as 
to need no description. Plaster of paris castings when 
kept wet may be cut almost as easily as cheese, and 
the method of modeling in plaster consists in forming a 
rough outline of the work with freshly mixed plaster, 
which after setting may be cut or carved into the form 
desired by keeping it wet. Wood and brass tools should 
be used, as the plaster rusts iron or steel quickly. Some 
moulders mafee the first model of clay, from which a 
plaster or gelatin mould is cast, and then a reproduction 
of the original model cast from this. The gelatine used 
is glue dissolved in sufficient hot water to be when cold 
about the consistency of soft rubber. For preventing 
the plaster from sticking together, use lard oil thickened 
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with white soap to a stiff paste. Decorations having 
manv fine lines can be best modeled with modelers' wax, 
composed of two parts bee's wax and one part bayberry 
wax, colored with dry paint or pigments to suit the 
fancy. When modeling wax, keep the tools moist with 
strong soap water to prevent sticking. In finishing up 
dies for stamping, whether of steel or other metal, do not 
forget to make liberal use of chasing tools. You can 
hammer in a chasing chisel where a file or graver will 
not go. 

In making the plaster casts proceed in the following 
manner : First, as to the plaster. The kind used by 
masons for plastering walls will not do. Get that which 
is specially prepared for dentists' use. In mixing, stir 
the plaster into the water slow^ly to about the consistency 
of syrup or molasses. Be careful not to get it too 
thick. Second, work fast. Pour the plaster over the 
piece of which you wish to take a cast, from one side, 
flowing the plaster along the surface from one side to 
the other. This is for the purpose of preventing small 
bubbles of air getting locked into the depressions, which 
would result in small holes when dry. You can also 
still further ensure the removal of the air bj'' churning 
the plaster with a small paddle or stick. , In a few mo- 
ments the plaster will set, and immediately afterwards 
heat. As soon as it is hard enough to resist the pressure 
of the finger nail, which will be from ten to twenty min- 
utes, according to the grade of plaster, gently rap around 
the edges between the mould and pattern till they split 
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or separate. Plaster shrinks considerably in drying, 
and if any length of time ensues between the hardening 
and separating of the cast and pattern, it will not only 
stick, but may split apart, or destroy some of the promi- 
nent parts of the mould in parting. In patching any 
defects which occur, wait till the cast has cooled, as the 
freshly mixed plaster will stick better. In patching, 
carefully scrape the surface, as the soap and oil mixture 
used to prevent the sticking of the mould may also pre- 
vent the patch from sticking. In making large casts, 
iron dies for bending, etc., both die and mould can be 
cast from a carefully prepared fac-simile of the piece to 
be made, using it as a pattern, and working out the part- 
ing between the two dies in just the same manner as a 
moulder would mould a pattern in sand. For drop dies, 
you can model a pair of cast iron dies in this way, and 
drop out the steel ones to the nearly perfect shape re- 
quired. Much hard chipping, filing and time can be 
saved in this manner. 



CHAPTER XL 



DROP FORGING. 



The drop forging of iron, steel and copper pieces as a 
more rapid method than hand forging will not only pro- 
duce large quantities of work, but makes possible shapes 
which are next to impossible by hand forging, The 
facilities necessary consist of a blanking and trimming 
press, suitable furnaces and a drop hammer. 

There are two methods of dropping, to blank out, 
drop and trim, either with combination drop dies having 
flash edges, or with separate trimming dies, as the nature 
of the piece will permit. In blanking pieces which are to 
be dropped afterwards, make a careful study of the piece, 
and, if you have time, cut the drop die first, hardening 
and finishing ready for use. Make a wooden pattern 
just as you think, the blank should be, and from it make 
a lead casting in sand, which you may try as a test piece 
in the drop hammer. The result will show you if 
you have made any errors, which you can correct and 
try again. Once you have one right, cast one for taking 
the measurements if the die is large, as the lead shrinks 
some in cooling. For small pieces, however, the wood 
pattern will answer. For nearly all drop dies, it will be 
found necessary to " flash " the edges, that is, to provide 

(112) 



DROP FORGING. 113 

a narrow edge around the mould of the die. The pur- 
pose of this is to cut off the surplus metal which flashes 
or squeezes out, as well as to reduce the pressure which 
would occur should this surplus, in the form of a thin 
flat plate or rim, come between two flat surfaces. It de- 
pends much on the shape of the piece as to the form of 
flash edge. When the die will not be weakened too 
much. Figs. 104 and 105 show the proper method, which 
is a combination drop and trimming die. The edge C 
of the upper die. Fig. 104, fits over C of the lower die, 
forming a cut-off* for the surplus metal. The upper 
cutting edge should pass the lower one only far enough 
to cut off* the fin, and where great uniformity of thick- 
ness is required, a stop or bunt, the same as at 2), Fig. 
105, will be necessary. This form of die is particularly 
adapted to dropping pieces which have previously been 
blanked out, but may also be used on plain work as a 
tool to blank out and drop at one heat, sometimes using 
several strokes of the hammer to get a perfect piece. To 
keep the dies both cool and free from scales, conduct a 
pipe from the forge blower, and arrange it to blow 
against the foce of the lower die. A very powerful blast 
will sometimes be needed to keep the die free from small 
scraps of iron or steel. Much hard wcrk can be avoided 
in cutting drop dies by getting out a steel pattern piqce, 
and after fitting the dove tails, heating the dies, and 
dropping the cold steel pattern between them, thus form- 
ing a perfect mould of the piece. In doing this, care 
must be taken to see that the pattern rests properly be- 
8 
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tween the two dies to prevent bending of the piece. It 
is generally necessary to partly rough out the dies, and 
give them a final shaping by the hot method. Some 
allowance for shrink must be made in dies intended for 
long or very accurate pieces — ^the two shrinks, that of 
the die and of the piece of work when dropped, combined 
together amounting to about yV i^^ch per foot. Fig. 105 
shows a form of die generally employed in dropping cir- 
cular pieces that do not have too much relief or projecting 
parts, the hot steel or iron being dropped first and 
trimmed afterwards. Sometimes the piece is given a 
final drop after trimming while still hot. Difficult 
pieces with several projecting parts are sometimes 
roughed out under a hammer and dropped to a finish 
afterwards, but may, where large numbers of one piece 
are made, be trimmed or cut out from a rolled bar, leav- 
ing the projections of the forging represented by con- 
tinuous flanges along the bar. By cutting away part of 
these flanges, the outline of the forging will appear, 
which in one or more dies can be shaped up to the proper 
form. The crank hanger, or bearing of a bicycle, is an 
extreme example of this kind of forging. Fig. 106 at -4 
shows a section of the steel as rolled ; at 5 is illustrated 
the manner in which 2 and 3, 3 are trimmed out ; and 
atC how 1 is cut away by the same die which trims 2. 
The cutting off of the stock and trimming away of the 
surplus may be accomplished cold with a sufficiently 
powerful press, but lacking a large press, can be done, 
if heated, with a moderate sized one. "Wlien doing the 
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work hot, it is best to have the trimming dies both 
placed in the trimming press, Fig. 107, at once, together 
with a cut-off die, three dies in all. Arrange one of the 
trimmers at the right, the other at the left, wuth the cut 
off in the center. Thus the heated bar can be trimmed 
up and cut off in one machine, and at one heat. 

A very recent adaptation of the principles of the taper- 
ing rolls to forging taper and other plain pins presents a 
very rapid method of forging. By this process, instead 
of cutting a mould upon the surface of a flat die, it is cut 
on the circumference of a roll, or pair of rolls, all the 
features of trimming edges, etc., being carried out in cir- 
cular form. Whole bars of steel are in this manner con- 
verted into forgings in a few seconds. All the housings 
and framing of such rolls should be very heavy, and the 
rolls as short as possible. For moderate sized forgings, 
the neck or bearings of the rolls should not be less than 
6 inches, and the rolls more than 10 inches. To keep 
these sizes it will be found necessary to cut several dies 
in rotation around the circumference of the rolls, adapt- 
ing the diameter of the rolls to the pattern. 

In hardening all kinds of drop dies, especially those 
of large size, on no account plunge the whole die into the 
water, but as soon as properly heated set in a convenient 
place, and direct a stream of cold water from a hose onto 
the face of the die. The stream of water should be 
ample to cover nearly the whole face of the die, the 
water being kept flowing till about the temperature of 
boiling w^ater is reached, and then allow to gradually 
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cool. In arranging the die for cooling, place it on a 
slight elevation in a manner that will prevent the sur- 
plus water from cooling off the lower part of the die at 
the same time with the top. This method is intended to 
shell-harden onlj^ the top of the die, thereby preventing 
fire cracks and undue strain. The block can be drawn, 
if desired, while chilling by back drawing, while the 
lower part is still hot, and as soon as the proper color is 
reached, again turning the hose on the die. 

For nearly all kinds of die sinking or cutting, a verti- 
cal milling machine will be found almost indispensable. 
While it is possible to drill and chip out the metal, far 
better and more rapid work can be executed with the 
machine. 

All heavy drops for forging must be provided with a 
lifter. The ease with which a hammer is operated, and 
the stopping of the head above the die by this method, 
are very essential for quick work. The trimming press, 
if one be used, needs to be placed at right angles to the 
drop, a position which permits of the handling of the two 
machines with very slight turning of the body, it being 
always more or less neccs.sary to drop and trim the piece 
from the same heat. 

To reproduce dies which are to be used on one piece of 
work right along, and must be constantly renewed, 
master dies can be made from which to coin or drop new 
dies at any time. Should the dies be very deep, proceed 
as follows : First heat the die block and drop the master 
die into it, giving a sufficient number of strokes to ensure 
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a perfect mould. Carefully anneal the die, and remove 
the scale by immersing in muriatic acid. 

Wash in warm water, dry oflF, and oil all over. Set 
master die in mould and examine for tight places result- 
ing from shrinking. Lower down all flat surfaces outside 
of the die, trimming up all the edges and surfaces as 
when finished. Place under master die, and drop lightly 
with oil between the surfaces, producing a finish by a 
number of light blows rather than a few heavy ones. 
Take die from drop and give the final finishing touches, 
and harden as already described. By this method dies 
which would cost, if cut by hand, several hundred 
dollars, can be easily produced in a day at a few dollars 
expense. Coupled to this is the certainty of every die 
being a duplicate, a feature very difficult to reach by 
hand work, if the details of the die be very intricate. 
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CHAPTER XII. 

SOLID DRAWN SHELLS OR FERRULES. 

Cupping J or Catting, and Drawing. 

Cupping is the first operation of making solid drawn 
shells. There are two forms of dies used. One kind for 
the single-acting press, and one for the double-acting, 
cam or cupping and drawing press. Where there is 
much of the work to do, either a double-acting or cam 
press will turn out the best and largest quantity of work. 

The double-acting press. Fig. 108, having two cranks 
placed on the quarter will require very nice adjustment 
to produce good work. Special attention is called to the 
timing of each part, as both the cutting punch and the 
drawing mandrel should strike the metal at the same 
time. To the outer or short stroke crank is attached the 
cutting punch which blanks out or cuts the circle to be 
drawn, and to the inner or longer-stroked crank is keyed 
the drawing mandrel which forces the metal through the 
die and forms the cup. It is very essential that every 
part of a cutting and drawing die should be true. One- 
sided cups will result if the tools are carelessly made. 
From the illustrations, Figs. 109 to 111, may be con- 
structed the three best forms of dies in common use. 

Referring to Fig. 109 it will be noted that there are 

(118) 
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four principal parts to this set of tools — the cutting 
punch, A J the drawing mandrel, By the cutting die, C, 
and drawing die, D, No dimensions are given, as this 
set of tools is subject to very wide variations in size. 
Considering the two punches first, have the hole through 
A the same diameter as the hole, //, in the drawing die. 
This feature will make it possible to draw cups of differ- 
ent gauges of stock by simply varying the size of the 
drawing mandrel. The top of the mandrel, £, fastens in 
most presses by means of a horseshoe-shaped key, and the 
head shown in Fig. 109 is for that purpose. The best 
results can be had by fitting A into the block with a 
taper and key, J. Have the key force the punch upward 
and not sidewavs. Never use a set screw if it can be 
possibly avoided. The cutting die, C, can in all cases be 
about \ inch thick, and is beveled on its outer edge. 
The drawing die, Z), can be varied in thickness to suit 
the size of the machine at hand, but the hole must be 
central and true. Be careful and not make the edge of 
the die where the metal is drawn over too rounded, as 
bad crimps will form when the last edge of the cup goes 
down into the die. The proportions of the cutting die, 
C, and the drawing die, D, should be such that the hole, 
/Z, should be about -^-^ of the diameter of the hole in the 
cutting die at E, The end of the cutting punch at G 
should be a very perfect fit in the hole, E, and should bo 
kept perfectly sharp, as well as the cutting edge of the die. 
Any burr or rough edge around the blank or circle will 
surely make the cups come crooked. It will be readily 
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understood that the size of the drawing mandrel where 
it passes through the die at L must be of such diameter 
as wull draw the cup the same gauge as the stock from 
w^iich the circle is cut, though, in some instances, the 
sides of the cup may be somewhat thinner than the 
original stock. As all the working parts must first be 
hardened and then ground to size, in turning up the 
piece considerable stock must be left for grinding, and 
the springing of the work in hardening which will be 
found unavoidable. The drawing mandrel and die 
should be very hard, to prevent wear. Only draw suffic- 
ient to take off the strain produced in hardening. 

The cutting punch will work well if drawn to a light 
straw color. Do not chill in water, but in the pickle or 
chill described as \^ standard." Cut a spiral groove, K^ in 
the side of the drawing mandrel, wliere it works up and 
down through the cutting punch, as unless this part of 
the tool is kept well oiled, it will cut and cause trouble. 
Make the end of the drawing mandrel and the hole 
through the drawing die perfectly straight, and see that 
all the surAices, when the meta'li)asses over, are free from 
scratches, and have a very nice polish. The last opera- 
tion before putting the tools into the machine should be 
to grind sharp the lower edge of the drawing die at F. 
This is usually accomplished with a small emery wheel, 
and is very necej^sary to prevent the cups from pulling 
back into the die as the drawing mandrel returns 
upward. 

In the next sketch. Fig. 110, the working parts of the 
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toors are shown with a cup partly drawn, and it will be 
noted that the part G holds the metal perfectly flat, 
while the mandrel, By forces it through the die. Be 
careful and have the surfaces between G and D parallel 
with each other. Bevel back the lower edge of the die 
at F to prevent the strain from chipping oflF the edge of 
the die. 

Some experience will be required to get just the right 
pressure on the blank. If there should be too much 
pressure, the mandrel will punch a hole through the 
center, and if there should be too little pressure, the 
metal will crimp up and pull in two. Time the presses, 
so that the mandrel will commence to draw just as the 
blank is clamped between the cutting punch and the 
drawing die. 

In cupping and drawing it is customary to run the 
metal from one reel to another, using the same soap 
mixture and check finger as formerly described under the 
head of cutting or blanking dies. German silver and 
copper will not draw well with soap, and must be lubri- 
cated with good lard oil. Always remember that any 
defect in the cup will be multiplied in any future opera- 
tions and cause a waste of stock, hence the importance of 
making as nearly perfect cups as possible. 

The only suggestion as to change of construction con- 
sists in making the dies C and i), Fig. 100, all in one 
piece. The objections to such form consist in the fact 
that any injury to either the cutting edge or drawing 
die is more diflScult to repair. Trouble is also liable to 
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occur by the drawing die being worn faster than the 
cutting die, when it must be shrunk and repolished to 
size again, which would destroy the nice fit between the 
cutting punch and die. The shrinking and polishing of 
dies will be carefully treated under the head of " Finish- 
ing." 

The most practical way to cup w^ork with a single act- 
ing press is to first cut out the blanks with a blanking 
die, and afterwards draw them up into cups with the 
tool shown in sketch, Fig. 111. The die A is made with 
a recess the size of the blank, the same as the drawing die 
in Fig. 110. The blank holder B is arranged with a 
spring of sufficient tension to hold the blank flat, and yet 
allow of stroke enough to enable the punch to form the 
cup and force it through the die far enough so that it 
will strip. This kind of die will work all right for 
shallow cups, but will not do very good work if very 
deep pieces should be required. For work with high 
sides a double-acting press must be used. 

Large work, such as lamp bodies, cuspidors, etc., is 
best cupped up in specially constructed cam presses. All 
the tools are but a repetition of what has already been 
described, only that they are made on a larger scale. 
For large work it is customary to use a thin film of oil 
on all kinds of material, care being taken to keep all the 
parts of the tools free from grit or small particles of 
metal which may cause a bad scratch at any time, and 
eventually injure not only the work, but the die and 
punch also. Circles for large work can be had already 
cut, from the mills, thus saving much expensive die work. 
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The modifications of construction given in the fore- 
going pages only show how the work may be executed 
under varying conditions. Care should be taken to see 
that the space between the cutting punch and top of 
drawing die is uniform in width, and that the circles or 
blanks are cut without any rough edge or burr. Keep 
the bottom or lower e(%e of the drawing die sharp by 
grinding, in order that the cups will surely strip from 
punch. 

After the cups are made, they must be annealed 
before further operations. The subject of annealing 
has been treated in a separate chapter, and care must be 
taken to not^ the troubles liable to arise from improper 
or careless handling at the muffle or the pickle tub. 

Breaking Down Shells. 

Break down dies are usually made with a "set edge" 
or centering die placed above the regular drawing die. 
Such a die may be made all in one piece if so desired, or 
may be constructed to have a cast iron or brass ring set 
on top as shown in the illustration, Fig. 112. The hole 
C in the set edge die should bo a good easy fit for the 
cups, that they maj' be easily " set " in place. Have the 
hole D in the die By with plenty of bell, but be sure and 
have at least one-third of the thickness of the die or 
rather the length of hole with a straight bearing, and 
perfectly smooth. In tempering have the die just as 
hard as it will stand. If after hardening only the 
strain is removed by slightly heating, the die will work 
satisfactorily. 
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The punch or drawing mandrel must be hardened and 
ground to size. Draw to a light straw color, polish with 
clamp and emery and oil, and make with a taper of 
about j^Vir ^^^ six inches of length. 

When such a die is fed by hand, the operation will be 
readily understood as placing the cups in the space C, as 
shown, and pushing them down#irough the hole D with 
the punch E, Strong soap suds, or rather weak soft soap 
made from white curd or neutral soap, should be freely 
used during the operation, keeping tlie shells in a pan 
partly filled with the luke warm solution. 

Some experience will be needed to get the kink of 
shrinking and polishing out a die to thq proper size, 
always remembering to grind off the bottom edge of the 
die the last thing before using. 

Fig. 113 shows a geared drawing press. 

Each draw should reduce the cup or shell about one- 
eighth its diameter, though this proportion will be sub- 
ject to variations. Very thick stock will stand more 
folding in than thin material. If good work is expected 
it will be necessary to reduce the thickness of iho metal 
as well as the diameter of the cup, hence the importance 
of commencing with material somewhat thicker than is 
required for the finished product 

The majority of this kind of work is properly done on 
dial presses, which have two forms — the index machine 
and n more modern kind called the friction dial press. 

The index dial is simply a machine having a revolving 
dial worked with a ratchet, and provided with a circle 
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of set edges revolving over the drawing die at each 
stroke of the press. The cups are set in the dial, and re- 
volve over the die in turn, and are pushed through the 
die as in hand drawing. The great objection to this form 
of machine is the difficulty of getting the scrap out of the 
die, as the whole plate must come off in order to do so. 

These machines will handle the work as fast as the 
metal will stand, there being no limit to its capacity, 
except the strength of the metal. 

Dies for this kind of machine must be made of uniform 
thickness, and be belled out just the outside diameter of 
the cup. An improvement on the machine is to set it 
somewhat on the incline, having it highest in front. 
Cups may be drawn on this type of press as long as they 
will stand readily on end. 

In breaking down, one of the principal things in view 
is to get the shells or cups ready for the finish draw. For 
& nice finish, draw the shells down just a little thicker 
than is required for the last time. Allow as little fold in 
as will enable the shell to be slipped up on the punch. 

Between every operation of drawing there must be an 
anneal, and the more carefully this is done the better the 
results will be.. 

Between cupping and finishing there will be several 
operations on either the dial press or other break down 
dies, depending of course on the length of the shell. 
Thick stock may be reduced in both gauge and diameter, 
faster than thin metal. 

. Having described the breaking down of the stock, we 
will now go into the details of the finishing process. 
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Finishing and Dravdng Press, 

If all the previous operations of cupping, annealing, 
pickling and breaking down to size have been properly 
performed, we may now proceed to finish the work. 

Fig. 114 shows an upright rack and pinion press, and 
Fig. 115 a horizontal press. For both finishing and 
tapering. These presses have automatic feed, knock out, 
etc., and are adapted for pieces that are in length several 
times their diameter. 

Only experience will reach the highest efficiency, but a 
few general hints as to method will aid the tool-maker in 
getting the final results. As previously mentioned, 
always have the shells a little thicker than the gauge of 
finished work. If everything is all right, the work 
should come from tl)e last tools, smooth, and with a fine 
burnished appearance. 

In hand drawing, the work, if short, is placed in a 
set-edge die, but if long, is usually pushed up on the 
punch by the fingers of the operator while the machine is 
in motion, the shell being held in position with the first 
two fingers and thumb of the hand, removing them as 
the shell strikes the bell of the die. The die must be 
well belled out, and the same care in regard to polish is 
more important than ever. Keep the die free from the 
small pieces of metal which sometimes break off, and 
should pieces of scrap push up on the punch, they can 
be removed by slightly hammering with a small ham- 
mer. If the operator is new to the business, the press 
should be speeded about twenty per minute, and may be 
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increased from time to time as the operator gets more 
skillful, till a speed of forty is reached, which is about as 
fast as it is safe to run. Care should be taken not to 
drop the shells, as such carelessness results in serious 
injury to both the die and punch. A very nice arrange- 
ment is to have the press provided with cone pulleys, 
so that the speed can be varied to suit the work and the 
skill of the operator. 

When the work splits or wrinkles in drawing, you are 
folding in too much stock ; when it pulls in two, you are 
reducing the thickness too fast. When the bottom 
punches out, it may be from both of the above causes. 
Too weak soap water will sometimes make lots of 
trouble before the cause is discovered. 

Keep all the tools highly polished and free from 
scratches. When a die is hardened, it will shrink about 
Ttmr for each inch in size of the hole. In polishing out 
be careful not to bell out the die at the bottom side ; the 
result would be to cause the work to stick to the punch. 

Thus far only straight work has been described, but 
you may shoulder — ^taper — oval bead — corrugate — square 
— emboss the closed end, or produce such modifications 
as the nature of your job may require. 

Shouldered work is made by pushing the shell only 
partly tlirough the die, for the length of the smaller 
part, and then redrawing the top or larger end at a 
separate operation, see Fig. IIG. In redrawing the 
larger part, it will be necessary to have a pin turned on 
the end of the punch that will fit the inside of the 
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smaller part. It will also be necessary to have a 
shoulder in the die the size of the shell. In the illus- 
tration, Fig. 116, the heavy black line shows the proper 
arrangement of the shell and tools for this work. 

The work wilt also come nicer if the smaller part, 
which is drawn first, is also drawn in a die having a 
shoulder, see Fig. 117, which will keep the top or larger 
part from being crooked. 

For the first operation there will be required a stripper 
plate to strip the work from the punch. Such a plate 
will need a spring movement, as it must push down to 
the die, but must stop on its upward movement soon 
enough to pull the work from the punch. 

Several shoulders may be drawn on one ferrule, and 
each part may be tapered or left straight, made square, 
corrugated, or otherwise shaped to suit. 

Where particularly close fits are required, the die 
must from time to time be shrunk and repolished to size. 
Bad scratches may be removed in this way. Little 
trouble will occur with the punch, as it does not wear 
ver}'' rapidly. 

To draw an extra long ferrule a special punch with a 
hinge, as shown in Fig. 118, is convenient. The dotted 
line illustrates how the punch may be brought forr 
ward so that the shell may be pushed on. Ordinarily, 
a ferrule only a trifle more than half the stroke of 
the macliine can be made, but in this way nearly the 
entire stroke may be used. This is a valuable kink, 
and is sometimes of great use when extremely long shells 
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are wanted, and no rack and pinion or other very long 
stroke press is at hand. 

It sometimes becomes necessary to reduce a piece of 
work to such an extent that more than one draw will be 
required. Should it be necessary that the smaller part 
be of definite length, some experiments will have to be 
made to get just the right amount of stock to make the 
right length when finished. 

In the drawing. Fig. 119, the solid lines show the 
finished piece, and the dotted lines the successive draws, 
there being three, not including the finishing of the 
larger part. 

It also sometimes happens that the open end must be 
made smallest. This may be accomplished as described 
under the head of tapering. There must be an anneal 
between each draw or taper. 

Tapering in the Draw-Press, 

Tapering may occur in two ways : Smallest at the 
closed end of the shell, and reduced at the open end. 
To taper a piece of work small at the closed end, have 
the stock broken down to the size of the larger part of 
the taper, and then after annealing, push down into the 
die as shown in Fig. 120, care being taken that there is 
no soap water left inside the shell, or the end of the 
work may " blow " off. Have the end of the knock out 
where it fits against the small end a nice fit ; and care- 
fully note that the part of the die where the knock out 
pin works through it is straight. 
9 
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As the shell sometimes sticks to the punch, a stripper 
plate will be needed. Should the taper be very great, it 
may be necessary to do the work in two operations. 
Fig. 115 before described, shows a horizontal drawling 
and tapering machine. Also used for drawing long work. 

In tapering w^ork smallest at the open end, you will 
find yourself limited to the extent that you cannot do 
very thin shells in this way. Break down same as for 
other tapers, and before running through the tools, trim 
and afterwards anneal. Referring to the cut, Fig. 121, 
see that the driving punch, A^ fits the end of the shell 
very nicely, or bad marks may occur. If the open end 
should crimp or wave,- it may be necessary to make the 
stock thicker or do the w^ork in two operations. Where 
large quantities of shouldering or tapering are to be 
made, it is best to employ a horizontal press with auto- 
matic feeti. 

Striking Up, Heading and Swaging. 

In striking up the closed ends of work for ornamenta- 
tion, or to produce special shapes, do all the work on the 
last break down size, and then finish afterwards. Such 
work is always best done by having the tools inverted — 
that is, the punch stationary and the die moving up and 
down with the head. This is clearly showm in the Fig. 
122, and needs no further explanation. 

Should it be necessary to punch any holes in the head 
of the shell, do not do so till all other work is finished, 
or the holes will be distorted in size and shape. 
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In swaging ferrules into special shapes, such as oval, 
hexagon, square, etc., the last break down should 
approximate the size and shape of the finished tools. 
Previous to the last break down the work may bo best 
brought forward in the round. 

To give ferrules special shapes for a part of their 
length, it is only necessary to carry out the ideas given 
under the head of shouldering, substituting special 
shaped punches and dies for the plain ones described. 
Large quantities of such work may be produced rapidly 
and cheaply by means of the water die as elsewhere 
described. Work may be flanged or widened out at the 
open end in two ways : Either by shoulder drawing, and 
afterwards trimming out the part wanted, or by flanging 
or spreading • out the open end of a straight femile. 
When the work is done by shouldering, the stock will 
all be of one gauge, but where it is produced by flang- 
ing or stretching, that part of the stock where the flange 
is turned over will be thinner than the balance of the 
work. Narrow flanges will work all right if spread out, 
but wide flanges must be broken down to shape by 
several operations as in making shouldered work. In 
trimming flanged work it is best to make use of a cutting 
die, punching or trimming the flange, and forcing the 
finished piece entirely through the die at each stroke. 
Do not forget the guide or finder pin on the end of the 
punch. 

Irregular work, such as lamp burner tops, oil can 
bodies, and all similar shaped pieces, are best made in 
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two or three operations, using a cup having as near the 
general outlines of the finished piece as can be made in 
the double acting press. There are some kinds of such 
work which can be made directly by the cupping press, 
but many shapes will occur w^hich are either too deep or 
have too many angles to make in a single operation, 
without bad crimps showing in the W'ork. From the 
illustration, Fig. 123, it will be seen that the angle at A^- 
could not be formed except in a die which bottomed and 
was provided with a knock out. The finishing of such 
pieces properly belongs under the class of tapered work, 
and with the exception of the shape of the tools is usually 
made in the same manner. 

Trimming. 

There are three ways of trimming, varying with the 
nature of the work. Thick work is usually best sawed. 
Small work will trim best with a cutting tool similar to 
a cut-off tool in the lathe, the work being held on a 
revolving mandrel by means of a tail spindle made to 
revolve at the same rate of speed. Such a machine is 
called a trimming lathe. 

For ferrules which are not too thick or too small in 
diameter, the shearing tools showm in Fig. 124 will give 
the hitrhest results attainable in hand work. Everv- 
thing about these tools should run perfectly true, and 
the sj)ecd for brass work should be about two thousand 
per minute. It is not alwaj^s necessary to use the tail 
spindle with this form of trimmer, but it may be used 
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where the work is short or has a tendency to slip. Keep 
the cutting edges sharp, and note that the notch in the 
trimming arbor is made with a very small nick or notch^ 
which is necessary to prevent the scrap from catching 
when being taken off. 

Always be careful to have the roller or cutter which 
cuts off the open end of the ferrule slightly in advance, 
and also arrange the slide so that the cutters will have a 
little pitch, that is, have a tendency to screw the ferrule 
onto the mandrel or arbor. Should the opposite pitch 
or screw occur, much trouble will be caused by the work 
getting badly marked and spoiled. Keep the stop screw 
at such a point that the rollers will just cut off and no 
more. Caution the operator about bringing the roller 
up against the work too quick on the start. Keep all 
the lost motion out of the spindle, and have the cutting 
edges work very close together. 

If all the tools are properly made and run true, the 
ferrules will cut off without any burr or rough edge. 
Work should always be trimmed hard, that is before 
annealing. 

Should the inside edge of the ferrule be required nicely 
finished, it will be necessary to burr or ream it with 
a reamer, having fine teeth unevenly pitched ; tlie last 
being necessary to prevent chattering. 

For sawed ferrules it will bo proper to provide a hol- 
low bell-mouthed reamer or rotary file, having a flat 
taper drill or reamer set in a slot cut cross-ways of the 
open mouth of the bell, and arranged to move outward 
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or inward to fit various sizes of work. Such a tool, of 
course, will burr off both the inside and outside at the 
same time, and may be used in any kind of a lathe or a 
special head similar to an emery wheel grinder. 

In the heading of cartridges or similar w-ork, the shell 
after trimming is forced down into a die having a 
shoulder. Another feature of such a die is the sleeve and 
the knock-out pin, as.show^n in Fig. 125. This arrange- 
ment of the tools is sometimes made necessary in thin 
work, and also because there is a double strip, the shell re- 
quiring to be stripped from the knock-out as well as out 
of the die. The horizontal automatic Drawing press, Fig. 
115, is the best for the purpose of tapering, heading or 
shouldering large quantities of ferrules. 

Knurling, Chasing, Beading, etc. 

The various decorations which are produced on fer- 
rules, where the design is of regular pattern, may be 
made with ordinary knurling tools of special patterns. 
Only a suggestion can be made in this matter, as the 
artistic taste of the workman enters largely into the 
final appearance of the work. 

Much of tliis work may be executed very rapidly by 
means of the water die. Fancy designs, such as for cane 
or whip heads, are first rolled or beaded into the general 
outline, and then filled with lead, afterwards chasing the 
design (see Chasing), and melting the lead out again. 
So-called engraved work is all produced in this way. 

In beading, rolling, or chasing, do not run the tools 
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too fast ; for beading this does not matter so much, but 
where patterns are to be matched, only one revolution 
of the work is permissible, and unless the machine runs 
slowly it will be impossible to stop at the right moment. 
Work may also be made for part or the whole of its 
length, square, hexagon, or other shapes, by rolling 
lengthwise on mandrels of proper shape, using for the 
purpose a machine with an adjustable crank movement 
and slide, with the knurl or roller attached to the slide, 
and a suitable cam to bring the knurl down to the work. 

Annealwg and Cleaning Shells. 

For annealing quantities of shells, a muffle oven will 
be needed, and should be constructed with a detached 
fire. Should the fuel be wood, two fires will work better 
than one in large ovens. Gas or crude oil will also 
work nicely. Annealing, to be well done, must have 
time, and is always better when accomplished within 
muffs or pans which are arranged to exclude the air. 
Fig. 126 illustrates outside appearance of annealing 
furnace. 

Where the shells or cups are annealed in open pans, a 
heavy oxide will form and cause waste. In closed pans 
that exclude the air very little scale will appear. It will 
be necessary to have a small hole in the cover of closed 
muffs or pans, to let off the moisture from the soap 
water or gas from the oil used in drawing. For open 
pan work, only wood or gas may be used. 

For heavy shells, which will stand tumbling, they may 
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be pickled and washed in large copper pans setting on an 
incline. The pickle may be poured over the shells as 
they revolve in the pan, catching the acid in a lead or 
copper trough or pan. After draining off the surplus 
pickle, a stream of water may be turned on the shells, 
and they may be washed and tumbled perfectly clean 
and free from acid. If the shells are for stock, that is, 
to store away for use at a future time, they should receive 
as a last treatment a washing with hot soda water made 
quite weak with common sal soda. The latter washing 
will prevent the cups from turning black when kept for 
any considerable time. 

Where the nature of the work is such that the dents 
and other marks from tumbling can not be permitted, 
pickling and washing may be accomplished in large per- 
forated wooden- boxes, which should be provided with 
handles and be put together with brass or copper screws. 
A suitable lead-lined tub to hold two or more of the 
boxes and the pickle, and a large wooden tub for wash- 
ing off the acid, will be required. It is best to have the 
water run in at the bottom of the wash tub, and not at 
the top, and it will be found necessary occasionally to 
give the ferrules a good shaking up to get the acid out 
of the inside. The pickle will be required stronger than 
where the shells are tumbled. As there must be an 
anneal and pickling between each operation of drawing, 
too much care cannot be exercised in arranging this part 
of the plant. An essential feature is to have plenty of 
water, which may be pumped by a special pump. 
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CHAPTER XIII. 

ANNEALING, PICKLING AND CLEANING. 

For pickling copper, brass or German silver use a mix- 
ture of one part sulphuric acid to two parts water. These 
proportions may be varied somewhat, the copper requir- 
ing a )nuch stronger pickle than brass or German silver. 
All work as it comes from the annealing oven or muffle 
is covered with a coating of oxide, which is usually re- 
moved with acid. Large objects are put in stationary 
tubs till the. scale peels, and afterwards washed off with 
running water. Small articles such as shells, cartridges, 
rivets, etc., are put in large open copper tubs set on an 
incline and revolved slowly around while the acid is 
poured over them. After the scale has started and the 
pickle is drained off, the shells are washed by showering 
with water. Though it is customary to do the annealing 
in open iron pans, round drums with nearly air-tight 
covers are preferable, as only a very thin scale will form 
if the metal while hot is kept away from the air. 

Copper may be scaled by coating with a weak solution 
of sal amonniac before heating and plunging in water 
while still hot. All copper work is cooled on coming 
from the oven. Brass is allowed to cool, but may be 
cooled off wuth water if desired. Iron, steel and German 
silver must be allowed to cool very slowly. Especially 
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is this true with work which has been cold drawn or 
rolled, such as hollow ware, rivets, wire, etc., water caus- 
ing the pieces to split open in the direction in which the 
metal has been drawn. Such articles as are to be kept 
for any length of time should be finally dipped in hot 
soda water and dried, w^hich w^ill kill the acid and pre- 
vent both corrosion and rust. Iron or steel tack plate 
should be allowed to dry with a thin film of soda or lime 
on its surface which wull prevent i-ust if it is shelved for 
a long time. A hot pickle of sulphuric acid and water 
will scale iron or steel very quickly, but if there are no 
conveniences for heating, the pickle, hydrochloric or 
muriatic acid may be used cold and undiluted. This 
operation must not be performed in a closed, room, as the 
fumes are poisonous. Your dies will give you much 
better service and last much longer if all stock is scaled 
or pickled before running through the tools. The black 
oxide scale on iron and steel is very hard on the cutting 
edges of all cutting tools. 

In pickling iron or steel avoid any accidental getting 
of copper or brass or zinc into the acid. Where a piece 
of iron is put into acid containing copper or zinc salts, a 
sort of electric battery is formed, and instead of removing 
the scale, the copper will be deposited on the surface of 
the iron as long as any exists in solution. 

When using sulphuric acid, keep the tub open and 
avoid any accumulation of the gas formed from corning 
in contact with fire, as the gas given off is pure hydrogen, 
and very explosive when mixed wuth air. 



CHAPTER XIV. 

TOOLS FOK THE DRAW-BENCH. 

Modern draw-benches are composed of a long iron or 
wooden frame, having on one end a shaft and sprocket- 
wheel driven by a powerful and heavy set of gearing, 
and at the opposite end an idler for the chain to pass 
around, and a die-block for the reception of the draw- 
ing-dies. Between the sprocket-wheel and idler runs a 
heavy link and pin chain, the top portion running 
away from the die-block. The grip tongs either slide 
along the top of the frame in the smaller sizes, or are 
attached to, or provided with a wheeled carriage, in the 
case of heavy benches. In both cases, the tongs are 
provided with a triple link and hook for attaching to 
the chain when in use. 

Round dies are made in about the same manner as 
those for cartridge work, with the exception, that they 
are belled out more, and the edge, made sharp in dies 
for press work, is rounded off, no stripping being 
necessary. 

In forming up the tube from flat strips, the metal is 
either first pointed by folding and hammering the end 
over, or is formed with suitable dies under a press. 

The pointed end is then entered through the die, and 
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the tongs "hooked on," Fig. 127. To keep the tube 
from overlapping, a " plug " fastened to a long rod and 
reaching into the die only sufiBciently to keep the metal 
snug against the sides of the die is used. This plug is 
stationary, the metal drawing between it and the die. 
The plug is held from drawing in by the rod being 
fastened to an extension on the bench or a firmly- 
fastened post with an eye for passing the rod through. 
For the purpose of adjustment, the rod is threaded for a 
short distance, and provided with two nuts for locking 
when the proper point is reached. To prevent distor- 
tion of the holes in hardening, it is usually customary 
to have the steel die-blocks to conform more or less to 
the shape of the die. Consequently, for round work 
round dies are used, and for square or rectangular holes, 
square steel pieces are suggested. 

After forming up, the seam is filed bright and scraped 
out slightly with a pointed scraper, forming a V-shaped 
groove for about half the thickness of the metal. Next 
the seam is '• striped " with a mixture of about one part 
by bulk of fine half-and-half spelter, and five parts of 
fused borax ground to a fine powder and mixed up to a 
cream-like consistency with water, having about one 
ounce of sal-ammoniac to the gallon in solution. The 
spoon or tool used for such purpose, has a lip at one end 
provided with a small point on its under side to follow 
the seam. Some practice will be needed to get the 
spelter and borax of just the right consistency, and to 
stripe it on so that the borax and spelter will keep in 
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the right proportions. After striping, the tubes are laid 
aside to dry, as unless the borax is thoroughly dry, it 
will boil all over the work, when heated. Boracic acid 
may be substituted for borax with equally good or even 
better results. 

The furnace commonly used for brazing consists of a 
detached fire chamber reverberating into the brazing 
furnace proper through a series of narrow holes in one 
side; the flames from the hard coal or coke heating 
the furnace to an even heat, regulated by blowing the 
fire with a blower. There are two exits from the braz- 
ing chamber for the escape of the flames, one upwards 
and one downwards, each regulated by a separate damper. 
Across the opening in the bottom are placed narrow 
bricks to support the tube, and still allow the escape of 
the flames. By regulating the blower and the two 
dampers a perfectly uniform heat is maintained in the 
chamber, which is aided somewhat by the reflecting 
qualities of the fire brick lining. On the opposite sides 
are doors for passing the tubes through the furnace while 
brazing, keeping the seam side up. A very little practice 
will enable one to tell the right moment when the spelter 
flows and sinks into the seam. Small sizes may be 
brazed several at a time. Large tubes of thin metal will 
open out when heated, and must be bound every few 
inches with iron wire. After the work has cooled from 
the brazing, the excess of spelter is filed off, and the tube 
pickled to remove the scale, and given the finishing draw. 

Ordinary tube is drawn with a plug in the same 
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manner as when formed up, the plug being tapered, and 
forming between it and the sides of the die a space equal 
to the gauge of the metal. The further the plug is 
allowed to enter into the die the thinner will be the tube, 
and vice versa, see Fig. 128. For moderate speed and 
smooth work, the work can be suitably lubricated by 
keeping it in a long trough filled with the same soap 
mixture used in drawing cartridges. 

In drawing with a plug, the tube is run on over the 
plug and rod, and then the taper end of the tube entered 
in the die, the plug pushed up snug, and lastly the tongs 
are hooked on to the tube and chain, and the piece pulled 
through the die. If the tube is required to be very hard 
temper, it will be necessary to form it up from stock one 
gauge heavier than the finished size. 

As the dies wear, they may be shrunk and polished 
again to size. The plugs will wear shoulders or rings 
when the pinch comes, and can be re-tapered by grind- 
ing. When the plug is very much " ringed," there will 
be a tendency to make wavy work. Large plugs are 
generally drilled out and taped for screwing in the rods, 
but small ones are welded. After the finishing draw, the 
tubes are straightened, sawed off at the ends, and are 
ready for the market* 

Owing to the excess of zinc in the spelter, too strong a 
pickle should not be used, as it will eat out the spelter 
from the seam. Instead of filing off the surplus spelter, 
it can be removed v/ith an emery wheel running under 
an elevating V-shaped rest. This is a very neat method 
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which is adapted to all sizes of tube, and will grind off 
only what is outside the diameter of the tube. It 
should be noted that when first folded, the tube is some- 
what larger than the finished size necessary to insert 
the plug, and have fold-in enough to draw well in 
finishing. With the exception of tubes of varying 
thickness, ordinary shapes, such as square, three-cor- 
nered, oval, etc., can be made in two draws. 

Solid rods can be either worked down from slit stock 
or from cast bars, annealing from time to time to pre- 
vent splitting. Large sizes of brass and German silver 
rods are subject to a peculiar phenomenon called 
** checking," caused by the metal drawing harder on the 
outside than in the centre. This checking may occur 
when the work is drawn or when it is annealed, and is 
prevented by breaking, which means, bending the rods 
from side to side to loosen up the grain of the metal. 
Running the rods through a five-roll straightening ma- 
chine several times will accomplish the same result. 

Channels, EllSj and other angles, must be drawn from 
stock both wider and thicker than the finished sizes. 
The extra width is required to force the metal into the 
corners of the die and make sharp corners, and the 
extra thickness is to produce both a hard temper and 
good finish, the folds requiring a soft strip to prevent 
splitting where the angles occur. 

In drawing such shapes as have thick and thin por- 
tions, there is a tendency for the thin portions to pull 
the thick portions in two, unless the dies are properly pro- 



144 PRACTICAL TOOL-MAKER AND DESIGNER. 

portioned to draw the metal out equally at all points. 
The theory of the successful drawing of such shapes 
rests in reducing the thick portions edgewise and the 
thin portions flat-wise. In Fig. 129 is shown a shape 
made in five draws. No. 1 shows how the piece has 
been reduced from the original strip ; No. 2 shows a 
bend and still further thinning of the thin part and 
widening sideways and narrowing edgewise of the heavy 
portion ; Nos. 3, 4 and 5, show each successive shape of 
the die to the final finish. Such work must be annealed 
and pickled between each draw. In No. 5 it will be 
noticed that a plug is used. This is necessary to pre- 
vent the part represented by tlie plug from pulling loose 
from the die. 

In drawing such pieces, if the thin portions crack or 
pull in two, the thicker parts are being drawn too fast, 
and if the thick parts crack along the edges, narrow up 
that portion of the die in order to cause the metal to 
stretch as much as the part not cracked. 

In drawing some pieces open on one side, a i)lug let 
into one side of the die provides a form of tool which 
saves much difficult die work. In Fig. 130 is shown 
such a die and plug, which is intended to form and 
draw the moulding in one pull. 

For convenience in construction^ many dies can be 
made in two or more pieces, keyed up in a holder. Fig. 
131 shows six forms of such dies, five of which are also 
provided with plugs. 

By this construction it is possible to mill out the 
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shapes in the die to such an extent as to leave only a 
little filing to finish the dies. The round dowels be- 
tween the joints in the dies are to prevent shifting of the 
parts. 

Most tool-makers who fit tools for draw-benches, face 
off only one side of the die, and finish out the hole, 
principally as an item of economy. Unless it is de- 
sired to make the dies look pretty, there is no necessity 
of any more finish. 

In drawing moulding pieces, strips which are folded 
up and are of various thickness on the edges or in the 
center, it will sometimes be found necessary to construct 
the dies to draw the work flat first, and fold up the piece 
afterwards. 

Nearly all work coming from the draw bench will 
spring or bend, and must be straightened, which can be 
accomplished by running through calender rolls, or by 
bending by hand in the prongs of a wooden stake, the 
workman using the divine art of squint as a guide to 
accuracy. 

Telescopic tube is usually mandrel-drawn to overcome 
any tendency to spring and to keep the internal diameter 
accurate, which varies somewhat with plug-drawn work. 
With mandreled tubing the mandrel is drawn through 
the die along with the tube and afterwards stripped or 
pulled out. The mandrels are turned, as in Fig. 132, 
4 or 5 thousandths larger than they are to be when 
finished, draw-filed to remove all circular scratches, and 
then drawn through a die of the right size. The ends 
10 
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are turned taper and also flattened, and notched sim- 
ilar to the teeth of the grip tongs. 

A set of dies for mandrel work consists of a drawing 
die, mandrel and stripping dje, the latter made of hard 
brass or soft steel and just sliding over the mandrel. In 
drawing the tube the mandrel is pushed into the tube, 
one of the taper ends entering the pointed end of the 
tube and the grip hooked on, the jaws catching hold of 
both the end of the mandrel and of the tubing. After 
drawing on, the mandrel and tube are reversed or 
changed end for end, the stripping die slid on over the 
mandrel and the tube stripped off by catching hold of 
the mandrel with the grip. Owing to the difficulty of 
stripping very long pieces, telescoping tubes are neces- 
sarily made in short lengths, seldom more than ten feet. 

After drawing the mandrel to size, it is best to return 
it to the lathe to detect any spring, which sometimes 
occurs. For lubricating the mandrel while drawing, use 
good lard oil with a little white lead mixed with it. You 
can also rub the steel with a solution of one part blue 
vitriol or sulphate of copper to twenty parts of water; 
this will leave a thin film of metallic copper on the 
metal, which, when drawn, will not only produce a very 
nice finish, but also prevent rusting of the mandrel w^hen 
not in use. 

Do not fail when drawing on the mandrel to thor- 
oughly oil or soap it before each draw. The thinner the 
metal in the tube, the shorter piece you will be able to 
draw, owing to the tendency of thin tube to roll up 
rather than strip. 
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As commonly run with the tubes, lubricated by keep- 
ing in a soap tub, too fast a speed will heat the dies and 
cause them to cut. 

For rapid work the bench may be provided with a 
pump to deliver the soap water on the die and tube, or 
strip being worked or drawn. The liberal supply of 
water thus insured will permit of speeding the bench 
about twice as fast as in the ordinary way. In order to 
keep the plug properly lubricated, it will be necessary to 
keep the tubes in the soap tub also before drawing as in 
the ordinary way. 

Hydraulic drawing presses have many advantages 
over chain draw benches of equal capacity. The speed 
is entirely under the control of the operator, and the 
start may be made without shock. Work can be either 
pushed or pulled through the dies. For breaking down 
by pushing, the piston rod is made extra large for stiff- 
ness, and is thoroughly supported in all positions. If the 
press is intended for pulling only, the piston is returned 
without material waste of power, the only water used be- 
ing that displaced by the piston rod. 

In addition to the form illustrated. Fig. 133, there is 
made a style having the bed of same design as used on 
chain draw benches (for pulling only), having tongs or 
grip attached to cross-head, and arranged with extension 
to support triplet rod. 

In size these presses vary from 6 to 24 inches in diam- 
eter of cylinders, and from 3 to 25 feet in stroke. All 
sizes are furnished with valves and couplings, and 
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arranged to be directly connected to the supply pump, or 
with an accumulator, as desired. 

The illustration represents a press having a cylinder 
22 inches in diameter and a stroke of 10 feet, with steel 
piston rod and cross-head, and arranged to be driven 
directly by a power pump. 

The motions of the press are controlled by the hand 
wheel shown in front, which reverses the movement of 
the ram. 

The press is instantly stopped at any time by a slight 
movement of the small handle which is located under 
the hand wheel, and controls a powerftil hydraulic by- 
pass valve, allowing the pump to run continuously and 
the press to be started and stopped at will. 



CHAPTER XV. 

CUTTING AND ASSEMBLING PIECES BY MEANS OF RATCHET 
DIAL PLATES AT ONE OPERATION. 

So far as the die work is concerned, button tools and 
those for jewelery and similar articles, are, with the ex- 
ception of size, the same as have already been described. 
One of the features, however, which is seldom employed 
in any other manufacture, is the liberal use of the ratchet 
dial and automatic feed to avoid hand work. This 
special feature, as applied to this branch, consists in 
cutting, stamping, forming and assembling all the pieces 
in a single operation, thus producing a finished piece, in 
some instances, from several different kinds of materials. 
Sometimes more than one dial can be employed to advan- 
tage, the pieces transferring from one dial to another,. the 
holes in the two plates coinciding at one or more points^ 
for the purpose. As an example of such work. Fig. 184 
shows a button composed of a brass eye plate or. back, a 
zinc stiffener or filling, and an oxidized copper .orna- 
ment or top. In the plan of tools and dial, Fig. 135, 
there are five separate sets of tools, and three of them 
are progressive dies arranged over the top of the plate. 
All three pieces are fed to the dies by a single feed roller, 
three check fingers acting as stops to locate the position 
of all the cuts. The scrap may be allowed to run into a 
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box or can be wound on a reel. No.. 1 at the first opera- 
tion pierces the four holes or eyes ; second, it cups the 
center portion, stamping or rounding all the edges of the 
holes, so that they will not cut the thread ; third and 
last, it punches out the blank, forcing it down into the 
dial as shown in No. 1, Fig. 136. These holes in the 
dial plate are steel bushed, and have a shoulder just the 
thickness of the stock in depth, the balance of the hole 
being of the outside diameter of the finished button. No. 
2, Fig. 136, punches a circular piece of zinc down on top 
of the first piece, the dial having shifted one hole for the 
purpose. This piece of zinc or stiffness is forced down a 
sufficient distance to turn up the edges of No. 1 , pushing 
it down into the smaller diameter of the bushing. No. 3, 
first operation stamps or embosses the thin copper medal- 
lion or top ; second, it cuts out the piece, pushing it down 
on top of No. 2 ; the dial having revolved as before. No. 
4 turns down the rim on top of the two pieces, fastening 
them in place. In order to get a firm support for this 
operation, a support is raised up against the under side 
of the button by means of a w^edgo operated from the 
gate or ram of the press, this method being necessary to 
obtain a perfectly solid support for so heavy a pressure, 
and to permit of the free revolution of the dial plate. 
No. 5 pushes the completed button down through the 
dial and into a box to receive it. 

Many buttons have the medallion or top folded on the 
under side enclosing the back. In such a case, the 
arrangement of the tools would be reversed, the eye* 
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plate being the last piece to be made, and the medallion 
is made the other side up. Work which ds transferred 
from one dial to another, is in detail >abaut the tsame as 
single dial work, the principal feature being the feeding 
of previously partly finished pieces into the holes in the 
lower dial, either by hand or automatically. One of the 
reasons for such a necessity is that many parts may 
have to be brazed or soldered, or be finished or polished 
between some of the operations. 

As a means of rapidly handling work for piercing or 
performing secondary operations not possible with com- 
pound or progressive dies, the dial plate offers advantages 
too often overlooked. For perfectly round pieces, which 
do not require to be set in any particular position, except 
centrally, a friction dial may be conveniently used, it 
being necessary however to provide a second slide or feed 
bar working at right angles to the regular one, for the 
purpose of pushing the finished pieces off from the die. 

Another variation of this fixture consists in bending 
wire into numerous forms. The simple piece illustrated 
in Fig. 137, requires only two operations. The wire is 
fed between straightening rolls against a stop, and cut 
off, and the ends bent up at one stroke. The next revo- 
lution of the dial brings the wire under another punch, 
which pushes the wire down through the second or 
smaller diameter of the hole, bending the two ends 
together. The punch that performs this last operation, 
Fig. 138, is cut away in a diagonal manner, which, 
when the punch returns upwards, strips the link down- 
wards and sideways, and free from the punch. 



CHAPTER XVI. 



TH£ HEADER. 



Various forms of headers are in use for a number of 
purposes. The dies of such machines are made both 
open and solid^ and the machines are constructed to 
head the blank in two strokes. Solid die machines 
are usually double-stroke, rivet or screw-blanks, having 
only a moderate amount of stock upset into the head, 
being made in them. To get the wide flat head seen on 
copper and other flat-headed rivets, requires a double 
blow to prevent splitting or cracking of the stock, and 
also to obtain uniformly round heads. In open die 
headers the stock is commonly cut off* after the head is 
formed. In the operation of the machine, the dies open 
and the feed-rolls advance the wire or rod beyond the 
face of the die, sufiicient to form the head, when the 
dies close and the ram or gate upsets the head. If a 
single-stroke machine, the gate returns, and a shear 
working against the face of the die, cuts the rivet off as 
it is advanced forward the proper length. In all head- 
ers, Fig. 139, the cut-off plays a most important part, as 
upon it depends the perfection of the result. If in cut- 
ting off the rivet the end of the wire be jammed out of 
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shape, a one-sided head will surely be the result, this be- 
ing especially true of single stroke machines. 

In the operation of solid die machines, the stock or 
wire is passed through a cut-off die situated at one side 
of the heading die, where it strikes against a stop for 
length, and is cut off by a shear or knife having a spring 
or springs to retain it against the end of the knife, while 
it is carried opposite the heading die by the continued 
motion of the shear, and forced into the die by the first 
stroke, and further flattened by the second blow of the 
gate or ram. A knock-out pin working through the 
back of the die forces the finished rivet out as the gate 
returns after making the last strike. 

There are two sources of trouble attached to the solid 
die machines, Figs. 141 and 140, viz., the wearing of the 
dies and the difficulty of keeping the springs in order. 
When the springs become somewhat worn, the piece of 
wire will not be carried forward straight, and will some- 
times even flip out of the grip of the springs altogether. 
Keep the cut-off bushing sharp, as well as the knife, and 
look to it that the springs hold the blank squarely in 
line with the die. Solid dies should have a shoulder 
formed by drilling the die just the length of the rivet 
under the head, and then drilling the balance of the way 
with a smaller drill. This slight shoulder is sufficient to 
cause the rivet to check at even lengths during the first 
stroke. In all double stroke machines the first die 
should have a cup-shaped recess for partially bringing 
the head into shape. This cup must only be large 
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enough to contain the amount of stock m the head ; the 
second blow must be carefully gauged as to distance to 
prevent opening or spreading of the stock. 

In finishing both the solid and open dies, a half- 
round reamer will be found a very convenient tool to 
make, and a very efficient tool to use, especially on 
small sizes. 

In making open dies, a clamp for holding the dies 
together is very necessary, the drilling and fitting being 
done just as if the die were a solid piece. 

There are many special forms of headers, one example, 
Fig. 142, of which is given. 

The upsetting machine has a special clutch action 
instead of a roll feed, made necessary in order to have 
the pieces remain straight after passing through the 
straightening rolls. 

The other form of machine. Fig. 143, is not automatic, 
as it is intended to head the ends of long rods, either at 
one or both ends; such pieces as stove bolts, bicycle 
spokes and similar articles are within its range. 

The following description of the different styles of 
machinery built for the making of rivets by cold heading 
will give a fair idea of the particular class of work each 
machine will make : 

Fig. 139. Open Die, Single Stroke Headers. — These 
machines are designed for heading wood-screw blanks 
and tire bolts, or for any kind of iron work intended to 
be trimmed or shaved after heading. They are also 
suitable for making rivets upon which the necessary 
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mark or fin left by the dies will not be objectionable. 
For some kinds of small work — especially brass rivets — 
the dies can be so nicely adjusted as to make rivets upon 
which the mark of the dies will be hardly perceptible, 
and considering the rapidity of the process it will be 
found preferable to the solid die. 

Fig. 140. Solid Die, Single Stroke Headers. — Eivets to 
bo made in solid dies should not, as a general rule, ex- 
ceed in length over seven times the diameter of the wire 
on account of the difficulty of driving them out of the 
die after heading, but this limit may be exceeded in 
some cases, especially with double stroke machines. 
The single stroke, solid die headers are suitable for mak- 
ing all kinds of rivets and screw blanks of moderate 
length and size of head, upon which the mark of open 
dies would be objectionable. 

Solid Die, Double Stroke Headers. — ^This class of ma- 
chinery is adapted for making all kinds of copper and 
brass rivets, especially those requiring large heads which 
cannot be made with a single stroke. These machines 
are suitable for making many kinds of screw blanks of 
either iron or brass. 

Fig. 142. Solid Die, Double Stroke, Geared Headers. — 
This class of machine is especially designed for heading 
machine-screw blanks, iron rivets having large, true 
heads, and for making many kinds of bolt blanks and 
rivets which have heretofore been made by the hot 
process. They differ from the plain, double stroke 
machines in having bearings of increased size, and a 
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crank shaft making two revolutions instead of one for 
each blank, and by having two fly wheels, whereby the 
strain upon the crank is distributed upon both sides, 
giving the machine greatly increased heading power. 
These machines will produce work with true, smooth 
and solid heads of large size. 

Open Die, Double Stroke Headers. — ^These machines are 
designed for long work, such as cannot be driven out of 
solid dies, and requiring heads too large to be made by a 
single stroke. 
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CHAPTER XVII. 



TOOLS FOR POX LATHE. 



Though the Fox Lathe is no more than a monitor or 
turret lathe, with special features, it deserves some men- 
tion, as it is almost exclusively in use by brass finishers. 
There is, however, a growing tendency to make it al- 
most a universal favorite in many shops using engine 
lathes for turning out short work. For small drop 
forgings and castings of iron or brass, this tool, Fig. 
144, has no equal for eflBciency. The friction cut out, 
between the back-gear and belt-speed, the heavy cross- 
slide, chasing-bar for cutting threads, monitor tail-stock 
with hand-lever feed, and screw feed in both directions, 
making of the monitor not only a revolving tool-holder, 
but a slide-rest as well, are the principal features causing 
its coming favor. For cutting short threads either inside 
or out, tlie chasing-bar is without doubt the most ac- 
curate and rapid fixture except a tap or die. As a 
chucking device, it is customary to use a two-jawed 
chuck, with removable jaws, boring or shaping out the 
face of the jaws to fit the work. By means of the hand 
screw-feeds to the turret-slide, pieces may be bored out, 
faced off, counter-bored, a tool run through and the back 
face finished, or any other internal or external turning 
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or lathe work accomplished that is possible to do with a 
slide-rest. Not a small feature, is the use of forming- 
tools, either fixed in the turret or cross-slide, for uni- 
formly producing irregular shapes. For reaming out, or 
finishing straight holes, a half-round gun-drill seems to 
do not only good work, but maintains its size longer 
than any other form of tool. There are few tool-makers 
who, once their attention is called to it, but will readily 
adapt a large variety of work to a monitor lathe with 
chasing-bar and slide-rest combination. A great many 
well informed workmen, however, habitually when cut- 
ting or chasing threads, run the lathe forward. Such a 

• 

method is wrong, as it was not only the intention of the 
inventor, but also of most makers, to run the lathe 
backwards when cutting a right-hand thread ; backing 
the chasing-tool out of a hole or away from a shoulder. 
At first thought it may seem as though such a method 
would cut a left-hand thread ; such, however, is not the 
case. All the tools recommended as useful for the screw 
machine may be equally well employed with this 
machine. Die and tap-holders with trip, box tools, butt- 
mills with adjusting clamp collars, taper turning or bor- 
ing tools, are a few useful fixtures. Different makes of 
lathes have various methods of returning the slide to 
the central pointj all of them being perfectly satis- 
factory. In chasing threads on brass, if it is desired to 
have them smooth, a chasing tool similar to a hand- 
chaser should be used. 



CHAPTER XVIII. 

SUGGESTIONS FOR A SET OP TOOLS FOR MACHINING THE 

VARIOUS PARTS OP A BICYCLE. 

Though many of the features shown and described in 
the following pages have become back numbers as parts 
of the modern cycle, much of the detail of tool con- 
struction is of such general utility as to be worthy of 
more than passing notice. Not all of the tools are of 
the author's designing, but were the result of a composite 
effort through the medium of about twenty workmen. 

For convenience of reference, each piece is both num- 
bered as well as named. No drawings of the fixtures 
are shown, but occasional reference is made to some 
other portion of this work where tools of the same class 
have been described. 

Fig. 145 is a finished Crank Hanger, and the method 
of "Jigging" the piece has already been described under 
the head of "Box Jigs." 

Some more detail may, however, be added regarding 
the origin of the forging. 

The forging for this piece was worked out of a rolled 
bar, see C, Fig. 146, which is a cross-section of the bar as 
received from the mill. The bar was first cut into 
lengths for one hanger, and then trimmed into a rough 
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shape, as at Fig. 147, in a heavy trimming-press, used in 
conjunction with a drop-hammer. Note that the projec- 
tions have been produced by cutting away the stock at 
a-a, b'lhb, in dropping this piece. Note the parting line 
of the die A-B, Fig. 146, and also that the part ^, A, 
Fig. 146, must be very tapering to " draw " from the die 
readily. 

Fig. 148 is the crank shaft, and was " formed up " from 
a solid bar of steel in one cut, the face of the tool hav- 
ing the exact shape of the piece. At first glance, those 
who have never tried forming tools for such work will 
doubt the practical working of such a tool on so slender 
a piece. 

The operation is as follows : After having set the tool 
in the holder, the rod is gripped in the chuck the first 
time, in such a manner as will allow only a short piece 
to project, which short length is formed or shaped to 
size, to provide a steady rest center for the first perfect 
piece. The rod is now advanced the length of a com- 
pleted piece, plus the thickness of the cut-off tool. To 
the forming-slide, and on the side away from the head- 
stock, is fastened a hinged steady-rest of very solid con- 
struction, and in this steady-rest will be held the short 
piece first turned up. A careful study of this arrange- 
ment will develop two features : First, that the tool or 
forming-slide can not get away from the piece; and 
second, that the first piece turned up acts as a center for 
the second while it is being turned up. 

Some machines have an extra slide provided with a 
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cutroff — some have a hack saw arrangement, and some 
manage the cutting off with a special fixture fastened to 
the turret slide. The two slots or key ways were drilled 
out in a small jig having a sleeve which is fitted on each 
end against the shoulder. 

Fig. 149. Rear bearing is formed up in the same 
manner as Fig. 148, but presents some difficulties in the 
way of milling and screw threading. 

The longer portion with the two diameters may be 
turned up at one cut — cutting the threads on the first 
piece while the second is being formed. The short end 
can best be reached by a second operation, rechucking 
the piece for the purpose. 

The hexagon portions for wrench holds were milled in 
a small hand milling machine. 

Fig. 150 is also a formed up piece and is check knurled, 
and also drilled out and tapered at the larger end to act 
as a combination nut and step. All the operations on 
this piece, except milling the nut, were performed at one 
chucking. Afterwards hexagon stock was used, which 
made it possible to complete the piece in one setting. 

Fig. 151. Crank for Left Side of Machine, — This piece 
is first drawn out under a trip hammer, and dropped to 
size and shape while straight. The crank is bent over 
after dropping and trimming. 

All the rest of the work is executed with a box jig, hav- 
ing one open side. Clamp piece in open side, using points 
marked x as contacts, Fig. 151, which will center and 
square piece both ways. Drill small hole for key first, 
11 
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ream tapers with half round reamer. Next drill small 
hole with suitable bushing, in center and direction of 
hole which intersects key -hole. Remove bushing, and 
with pin drill and combination reamer counter-bore to full 
size ; facing inside of crank square. By using a small 
hole and counter-bore, there will be no danger of dodging. 
For a fine fit this hole should be hand-reamed atfer leav- 
ing the drill press. Next mill down roller bearing with 
hollow^ butt mill having an outer projecting part to mill 
off the collar at the same time. This mill should run 
through a bushing to insure accuracy. Mill off threaded 
part with butt mill, having a guide to go down over the 
bearing, which will insure the thread being central with 
the larger part. Thread with trip-die holder, having 
press provided with a reversing attachment for the pur- 
pose. All the other work is best finished upon a polish- 
ing W'heel. List of tools consists of: Box jig; taper 
reamer for pin ; combination pin drill reamer and facing 
tool for large hole; hollow mill for turning off pedal 
bearing and collar; mill with advance guide for milling 
threaded portion ; die for cutting thread ; gauge for 
diameter of bearing ; gauge for thread ; gauge length of 
pedal bearing ; taper plug gauge for gauging taper holes ; 
gauge for thickness of part fitting crank shaft. The 
taper plug for determining the size and depth of taper 
hole should have with it a plug fitting in the large hole, 
and having milled in its side a key way accurate as to 
depth and distance from the end. This will insure the 
accurate fitting of the pin, care being taken to have the 
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key way of such size as will cause the pin to bind be- 
tween it and the hole in the crank. 

Round-Taper, Steel Key, with Smaller End Tlireaded. — 
Fig. 152. Mill up in the screw machine from polished 
steel drill-rod, with a box-tool having broad cutter and 
guides, both ground taper. Thread end and cut off with 
slide. List of tools : Hardened fac-simile of end of shaft 
and crank to act as try-gauge ; Taper-cutter and guide for 
box-tool ; Die for cutting screw, with hardened steel col- 
lar-gauge to maintain uniform size. 

Steel Balls. — Though steel balls of uniform size and 
nearly perfect temper can be had in the market much 
cheaper than they can be made in small quantities, the 
method employed by the author for making balls of 
both large and small diameter, is submitted. 

Tool steel of the proper diameter is either cut off with 
an automatic or hand screw-machine, using two tools in 
cross-slide. The first tool turns one side of the ball, and 
rounds up the end of the rod, forming half of a ball on 
each side of the tool. This tool is flat on the end, and 
leaves the ball still on the rod. The second tool is nar- 
row, and cuts into the small part left unturned by the 
first tool. See Fig. 153. Where only one tool is used, 
the strain of taking so wide a cut as half of the ball, will 
tear it loose from the end of the rod. The small amount 
of surface presented by the cutting edges of the second 
tool, causes it to cut the ball off nearly perfect. To get 
nearly uniform work, Pratt & Whitney tools, which can 
be ground without changing their shape, are to be pre- 
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ferred. After turning, examine for any small projection 
where cut-ofF tool makes the last cut, and file or grind 
off level if need be. Harden by placing in wire basket 
and lowering into lead bath, heated to dull cherry red, 
and plunging basket and all into hardening pickle, vio- 
lently shaking till cool. Draw immediately in oil bath 
heated to 480° F. The object of drawing at once is to 
relieve the strain from hardening just as soon as possi- 
ble, thus preventing chips from scaling off, and the de- 
veloping of fire cracks. 

The grinding machine is a modification of the old 
German method of making marbles, and consists of a 
horizontal grooved wheel, Fig. 154, which contains the 
balls, and has running above it three inverted cups or 
ring emery wheels. The arbors on which the emery 
wheels are fastened rest in a fixed step at the bottom, 
but should be allowed a slight vertical liberty. The cir- 
cular grooved table is adjusted by an elevating step or 
lower bearing. The emery wheels should run at the 
cutting speed adv.ised by the makers, and the grooved 
wheels from ten to twenty revolutions per minute. The 
direction in which each of the parts runs is denoted by 
the arrows. See Fig. 155. The whole of the upper part 
of the machine should be encased by a rim, as the grind- 
ing is all executed with the grooves full of water, a small 
screw pump operated from one of the emery wheel arbors 
furnishing a continuous stream on the center of the 
grooved wheel. It is well to use soda water to prevent 
rusting of both the machine and the balls. 
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To start the machine, charge the grooves with balls 
for about nine-tenths their circumference, and start all 
the parts to revolving, being careful that the emery 
wheels do not touch the balls till everything is in 
motion. Then gradually raise the table till the wheels 
begin to cut, quite hard at first, and very light as the 
balls get near tS size. One of the balls can be removed 
occasionally and measured with a micrometer without 
stopping the machine. The constantly changing direc* 
tion of the balls, the grooves and emery wheels^ brings 
every portion of each ball in contact with the emery 
wheels, causing them to be reduced in size very much 
faster than would bo supposed. Grind to within 2} 
thousandths of finish-size with wheels of No. 100 grade. 
Grind again to within } thousandth with wheel of 160' 
grade made very bard. To give the final polish, tumble 
in barrel with fine cork saw dust and rouge till the final 
size is reached. For balls of | inch diameter, the size as 
turned in screw machine should be .260, first grind,. 
.2525; last grind, .2505; and the final finish, .250 inch.. 

The grooved wheel and emery wheels should run very* 
true at the start to get quick work, but after the ma<^ihe 
has had a few charges of balls, everything will naturally 
true itself. The grooves should be about the depth of 
the diameter of the balls, and a loose fit sideways. A 
machine having a grooved wheel of ^4 iriches diameter 
with 6 grooves, and containing, about 1,500 balls at one 
charge, will grind out a charge in less than. 30 minutes 
for each grade of wheelj the capacity of.* the machine 
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being about 12,000 finished balls per ten hours. The 
only special tool for this machine is a wheel for each size 
of ball. 

Rear Wheel and Tube Connection. — This piece, Figs. 
156-157, is first punched out of steel in thickness about 
the diameter of the thickest portion, and then dropped 
and trimmed to size. In dropping this piece only one 
drop and trimming die will be required, as the shape of 
the piece admits of alternately dropping and trimming 
till the dies come together without leaving any flash or 
fin. The two halves of this die are right and left dupli- 
cates, the parting of the die being shown in Fig. 157 by 
dotted line. 

The round portions 1 and 3, Fig. 156, intended for rear 
fork and brace connections, w^ere milled off" in a small 
box jig having three surfaces or sets of feet. At 2, Fig. 
156, there was drilled and tapped the hole for the chain 
tightening screw. It was found most practicable in this 
instance to tap the hole at a separate operation in a 
small hand tapping machine. As the drop hammer 
work on this piece was very perfect, no other machining 
was found necessary. 

Fig. 158. Tube Connection for Frame, with Clawpfor Seat. 
— Piece punched out and dropped in same manner as Fig. 
156. Drill out 1 and 2 to outside diameter of tube in 
box jig. Drill and face off both sides of 3. The slot in 
this is milled after frame is brazed together. Tools re- 
quired : Blanking die, combination drop and trimming 
die, box jig and counter bore. 
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Fig. 159. Top Part of Frame, — Tube sawed or cut to 
length in cut-oflF machine. The flanged end which goes 
around and is brazed to top of head, stamped hot with 
die in knee-press, and trimmed to shape in trimming- 
die. It is necessary to provide a support for the lower 
end of this tube while forming the flanged connection, 
and also to have the die hinged in order to get the tube 
in and out. You may, however, fit both the stamping 
and trimming die in the slide, but you will have trouble 
in getting the tube out of the forming die, unless it is 
made open. Tools required : Gauge for exact length ; 
Die for forming end ; Die for trimming end. 

Fig. IGO. Bushings for Rear Wheel Bearing. — These 
pieces may be turned from the solid in a screw machine, 
or drawn up from sheet steel. When made in screw 
machine, the stock is box-tooled off to outside diameter, 
and then drilled and milled with counter-bore mill of 
correct shape, cutting off" with cross-slide. Where the 
pieces are drawn, they should be carefully annealed, and 
then gripped in draw-in chuck collett, and reamed out to 
size and finish. Pieces made in this way, of good steel, 
if not too high carbon, will be found equal to any. Sheet 
steel rolled from open hearth billet, and hardened with 
prussiate of potash, if drawn to a deep straw color, will 
stand the rolling of the balls, and will not break or 
crack open from pressure. Tools required for machine 
turned bushings : Gauge for diameter and thickness ; 
Combination counter-bore and reamer. For the drawn 
bushings : A drawing die ; A die for punching out the 
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hole ; and the same gauge and reamer as would be re- 
quired for those turned from solid steel in a screw 
machine. 

Fig. 161. As this Hub is shmun, it consists of a straight 
piece of steel tubing, with drawn steel flanges forced on 
at each end. If properly done, no brazing will be 
needed, but brazing will insure the improbability of the 
flanges ever becoming loose. The flanges are made with 
single-acting press and progressive die in three opera- 
tions, as follows : Pierce hole, draw hub with taper 
punch, cut out outside diameter. The piece of tubing 
can be cut off", milled to the shoulder on long end, and 
counter-bored, and threaded left hand with die. Cut off" 
and reverse in chuck, and mill up short end and 
counter-bore. Force on flanges with press, one end at a 
time. Put the hub on expanding collett in screw 
machine and trim up flanges with tools in cross-slide, 
being careful to have flanges of same diameter. To jig 
the 18 holes in each end, turn up a standard or mandrel 
to fit counter-bore, having solidly fastened at one end a 
circular jig-plate, with 18 bushed holes the size of the 
spoke heads. The removable plate should be fitted to 
the end of the mandrel with square end, having the 
square small enough to allow of a hub on the under 
side of the plate fitting into the counter-bored end of the 
tube. Fasten down the plate with a round nut, having 
a milled edge, to be turned on and off* with the hand. 
The holes in the circular jig-plates are not opposite each 
other, but just half way between, 18 holes in each flange. 
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The right hand thread cut on the hub of flange for 
screwing on the small sprocket, may be cut on with a 
die, holding the hub on expanding mandrel in the screw 
machine, or may be chased on with a chasing-bar. Tools 
required to complete hub: Counter-bore for inside of 
tube ; Progressive die for stamping hubs ; Jig for drill- 
ing hubs ; Set of tools to go in cross-slide for trimming 
hubs ; Die for forcing flanges on tube ; Left hand die for 
cutting thread on tube; Right hand die for cutting 
thread on one of the flanges, to be dispensed with if 
thread is chased on ; Gauge for size of counter-bore, out- 
side milled off portion of tube, full length of tube, and 
length of counter-bores ; and screw collar gauges for each 
of the threads. 

Fig. 162. Seat Post — Made of two pieces. Short piece 
of tube whose outside diameter is equal to diameter of 
the inside of frame upright, and forging dropped first in 
the shape of A. The piece is first upset in bolt header, 
and then dropped and trimmed to finish size of A. Next 
a hole is drilled through the T part, and the T heated 
and slightly flattened at first blow ; a drift with taper 
end driven into the hole, and then by alternately driv- 
ing the drift, and with light blows of the hammer, the 
slot in the T is finished. The part fitting into the tube 
is then milled by holding in a two-jawed chuck on screw 
machine, the hole bored to obtain lightness, and the 
threaded part milled and thread cut on with a die. 
Brazing on the short piece of tubing and milling away 
the under part to permit the clamp, Fig. 164, to grip the 
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under side of the seat spring. The milling away of the 
under side can best be accomplished by catching the 
piece in special jaws of hand milling machine, see Fig. 
163, setting the table to stop up and down, milling the 
top side when table is down and the lower side when 
table is up. Tools required : Drop die with drift ; Drop 
die to shape up T round ; Mill for part fitting into tube, 
mill for outside of thread ; Die for cutting thread ; Jaws 
for two-jawed chuck ; Jaws for vise of hand milling 
machine ; Small milling cutter, fitted on end of arbor, 
and screw collar gauge to keep thread constant in size. 

Fig. 164. Clamp Washer to Hold Seat-Bar or Spring. 
— Punched out cold, and then turned up at the ends 
with drop die while hot. The piece is then dropped into 
plate jig having proper shape to keep from turning 
around, and the hole reamed to size, and flat side faced 
off at the same operation. 

Tools required : Blanking die made progressive to 
punch hole in center ; drop die to form up ends, and 
combination reamer and mill with jig holder to ream 
hole and face of the flat side. 

Fig. 165. Pedal Hubs or Bearings. — Blanked out, drop 
forged, and trimmed to shape. 

Owing to the counter boring of the bearing, it will be 
necessary to bore it out in a lathe or monitor having 
a cross feed attachment to the turret slide, holding the 
piece in a two-jawed chuck fitted with suitable jaws. 
This counterbored hole can then be used as a means of 
fastening the piece in the jig, while the hole which re- 
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ceives the pin that fits in the pedals is drilled up and the 
end faced. The bushings of the jig are then changed and 
the rivet holes drilled. As there is no adjustment to the 
bearings of this pedal owing to the small wear of the 
large bearing surfaces, it is necessary that the counter- 
bored part be kept very uniform in size. A very neat 
gauge for gauging counterbored holes is shown in Fig. 
166. It consists of a bushing in three pieces, cut suffic- 
iently open to permit of their insertion, and a taper plug 
fitting a corresponding taper inside the bushings. A 
very slight variation in size will cause the plug to enter 
more or less, as the hole is larger or smaller. By mak- 
ing the plug one-hundredth of an inch taper in ten 
inches, each one-tenth of an inch movement of the plug 
will denote a difference of one-thousandth inch. This 
form of gauge will be found handy for many other kinds 
of hole as well, and especially in gauging all holes of 
irregular shape. 

Fig. 167. Rat Trap Pedal — Owing to length and 
numerous bends, several operations are required to finish 
up this piece. With a sufficiently large press it would 
be possible to pierce all the holes, and make the bends at 
the end at one operation. Lacking the large machine, 
you can blank out the piece, then pierce the holes, and 
bend down the ends at the second operation. It can 
then be bent at the two center bends forming the com* 
plete circle. The bending over of the part designed to 
keep the foot from slipping sideways can be accom- 
plished on a horn die placed in the knee press. The 
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fastening of the loose ends is accomplished by riveting 
the ends together as shown by the holes. It is intended 
that there be spring enough to the sides to spring on 
over the pins on Fig. 165 when putting the two pieces 
together. The opening where the two ends come to- 
gether must be of sufficient size to admit of passing the 
pedal over the collar on Figs. 151-184. Tools required : 
Blanking die ; combination piercing and bending die ; 
die io bend two center bends ; horn die to bend out- 
ward side guards. Fig, 168 shows the finished pedal. 

Fig. 169. Cap Nut for End of Cranh — Made from the 
solid in screw machine. The slot across end for recep- 
tion of screw driver can be sawed or milled in with either 
hand milling machine or screw slotter. Tools required : 
Tap ; pair of jaws for vise of milling machine. l 

Fig. 170. Front Brace to Saddle, — Punched from steel 
with progressive die, and afterwards dropped to shape. 
Hole tapped in tapping machine, or drill press having 
reverse motion. Tools required : Progressive die ; drop 
die and tapping fixture with tap. 

Fig. 171. Rear Brace to Saddle, — Owing to the length 
of this piece, it will require three operations, one to blank 
out and one to pierce the holes, besides a drop die to form 
up. The tapping may be done with tapping machine 
without special fixtures. Tools required : Blanking die ; 
piercing die ; drop die, and the same tap as was used on 
Fig. 170. 

Fig. 172. Left-hand Jamb Nut for Locking Sproclcei Wheel 
on Fig. 161. — ^Owing to large diameter and thin gauge, it 
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will be found advisable to punch this nut from sheet 
steel with a washer die, afterwards facing off and tapping 
in screw machine. Tools required : L. H. tap ; progres- 
sive die ; collett for screw machine. 

Fig. 173. Small Sprocket for Rear Wheel. — ^There are two 
methods of dropping this class of piece : One the way we 
have already explained, to blank out and afterwards 
drop, and the other to drop first and afterwards trim to 
shape. This latter method has the merit of being the 
cheapest way to get up the tools, but does not produce so 
good work. An excellent way to get out a wheel die is 
to bore a hole part way through the die block, the diam- 
eter of the outside of the teeth, and fit into the hole a 
piece of steel with one-half the form of the wheel cut into 
its face. This method permits of the boring and mill- 
ing of the die very quickly, and also provides an easy 
means of renewal in case of injury. Extra care must be 
used to get the jaws true in the chuck which holds the 
wheel while the hole is bored out and tapped. To turn 
up the wheel quickly, fit a short stiff center in the head 
of screw machine with a screw on its end which will fit 
the wheel. Bore and carefully ream a hole about half 
the diameter of the screw in the center, and about two 
inches deep. Make a tool for the turret, having a pin to 
nicely fit this hole, and fit over it a mill having in its 
face the shape of one side of the wheel. Chuck the wheel 
by screwing on the center, and mill the entire surface at 
one cut. When the wheel is first bored and tapped, one 
side of the hub should be faced off and used as a square 
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surface against which to screw the wheel when milling 
the second side. In milling the first side, set a stop to 
gauge the cut, and go over all the wheels on one side first. 
Afterwards screw the wheels on the other way, and mill 
the wheels on the opposite side, setting the stop to gauge 
the thickness required. By this method all the wheels 
wull be alike and will run true with the thread. If it is 

• 

desired to mill the sprocket teeth, make several bushings 
that will screw into the wheels, and which are just a little 
shorter than the length of the hub. The hole in the 
center of the bushings may be as large as will leave the 
bushings of sufficient thickness for strength. By means 
of these bushings it will be possible to put a number of 
wheels on a mandrel at one time, and set the teeth all in 
line, cutting the teeth either in an automatic gear cutter 
or milling machine. Two sets of bushings and mandrels 
will enable the workman to be fitting up one while the 
other is in use. Tools required : Blanking die ; trim- 
ming die, chuck jaws ; tap ; facing and turning mill with 
screw center ; bushings and mandrel for holding while 
cutting the teeth ; gear cutter. 

Fig. 174 is the forging for fork crown, and needs care as 
to size in forging. The oval parts where the forks are 
brazed on need to be right in this particular to avoid too 
much fitting. The hole can be drilled and afterwards used 
as a guide from which to shape up the ball seat, all of 
which conies in as jig work. Another way was to grip the 
piece in a two-jawed chuck on a screw machine, and drill, 
and turn off ball seat at one chucking, the tools being 
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held in the turret. It was found difficult to harden this 
piece after brazing on the forks, and a separate steel ring 
for ball bearing was forced on after all parts had been 
brazed together. 

Fig. 175. Tubular Forks, — Cut off and then tapered in 
tapering die, while in round form, bent and then dropped 
to give oval shape and flatten end ; trimmed and hole 
punched in one operation. There are several ways of 
tapering long pieces. They may be pushed into a long 
taper die by means of a rack and pinion press. Tapered 
while either hot or cold under a hammer. A ** Swaged " 
in a cold swaging machine. Such operations as are at- 
tempted cold, need some care that you do not go too far 
before the pieces are annealed. Several annealings may 
be required. A variation of the method w^ould be to 
shape into the oval before bending. 

Such tapered tubular forms can also be rolled out taper 
with a pair of rolls having cut in their surface several 
" passes " or grooves, gradually reducing the piece to the 
desired form. A groove cut length-ways of the roll 
marks the beginning of the die form, and also indicates 
the point at which to start the piece into the rolls. 

Fig. 176 is the fork stem and is brazed in or rather into 
Fig. 174. We made them from the length of tubing, hold- 
ing in the screw machine and threading with a die. They 
were cut off after advancing for the next length, which 
gave only a short piece projecting from the chuck. The 
slit was sawed in a hand milling machine, using the 
vertical movement. 
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Fig. 177. Ball Adjusting Cup for Steering Headj upper 
bearing. — Turned from steel in a screw machine from the 
solid bar. The first operation was to form the outside 
with a forming tool covering the entire length, and also 
the width of the cutting-ofiF tool. Next a hole was drilled 
the right size to tap the thread. Third, forming mill 
with pin fitting hole was used to mill or cut out the cup 
at one cut. The piece was then tapped and cut off. The 
slot was cut in the same manner, and with the same 
cutter, as Fig. 176. It will be noted that this piece, with 
the exception of slotting and polishing, is made in one 
chucking. 

The small hole was drilled, counterbored and tapped 
under a two spindle drill press having a tapping attach- 
ment. To slot the pieces we strung several of them on 
a mandrel and slotted them all at once. 

Fig. 178. A cup bearing drawn from sheet steel. 
Only the inside of this piece was machined, and the 
drilling or reaming was accomplished in a screw machine, 
the bushing being held in a two jawed chuck. Pieces 
of this form where drawn up have a tendency to crack 
when hardened, the cracks mostly occurring where 
there are any sharp bends. 

Fig. 179 is a clamp collar which fitted the small por- 
tion of Fig. 177 and answered to not only clamp the 
ball bearing, but also the handle bar post as well. The 
only novel feature of machining this piece was that we 
used a bar of steel drawn to the shape of the section, 
only having to drill the holes and cut off in the screw 
machine. 
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Fig. 180. Handle bar posL Cut off from tube and 
formed up, as shown in By Fig. 180. In trimming this 
piece some experimenting will be required to get just 
the right amount of stock to fold around the handle bar. 
Also the ends of the T may crack unless the tube be of 
good quality and carefully annealed. When convenient 
it is best to form up this T part hot. The trimming 
die for this needs to have a finder or guide pin on the 
end of the punch. Before closing up, file bright on the 
surfaces where the brazed joint is to come, and note in- 
structions about brazing. 

Handle bars — cut off and bent from cold drawn steel 
tubes. These bars, as a usual thing, are bent with a die, 
and to prevent flattening where the bends are short, are 
filled with a hot mixture of rosin and plaster-of-Paris. 
Having had a verj" wide range of experience in bending 
tubing, the author has invented a device for bending 
tubing of any size or gauge without filling, or injury to, 
or kinking of the tube. Fig. 181 illustrates a diagram 
of this fixture, which is no more nor less than a machine 
for drawing tube around a circle instead of in a straight 
line. The position of the plug, C, can only bo determined 
by experiment, and a separate form, A, for each size of 
tube and bend will be needed. One roller, J5, for each 
size of tubing is all that is needed. The plugs must fit 
the internal bore of the tube ver}^ nicely to obtain good 
work. The lever arrangement, to which the plug rod is 
attached, was found necessary owing to the contraction 
of the tube onto the plug. The operation of the machine 
12 



178 PRACTICAL TOOL-MAKER AND DESIGNER. 

is as follows : Push tube through hole formed by roller, 
and form till it strikes the stop for length. Insert the 
plug as far as it will go, pull the form around and make 
the bend. Pull out the plug by means of the lever, 
throw the roller around and remove the tube. Where 
the bend is around a very small circle, you must follow the 
principle of all cold drawing, viz. : anneal, bend the tube 
first around as small a circle as it will safely go ; anneal, 
and then repeat around a smaller form, and so on, till 
the desired bend is reached. The author has bent brazed 
brass tubing two and one-half inches in diameter, and 
No. 20 gauge around a radius of five inches, annealing 
the tubing twice and bending around three different 
sized forms. By having the roller pressed against the 
form by means of a spring or weight, many irregular 
bends may be accomplished. S and reverse bends will 
require bending twice, using, as will be found on trial, 
a separate fonn for the second bend. Square, oval and 
corrugated tubing can be bent in this way. 

Fig. 182. Grip with ferules or cups, 36-38, show^ ex- 
amples of the diversified industries required to make a 
cycle. 

The German silver ends, 36-38, were fastened on with 
shellac — hot, and small foot press used for the purpose. 
They were afterwards finished by hand by sliding on a 
mandrel, turning down the cork and polishing the ends, 
and given a final finish by lightly buffing. 

Fig. 183 presents no new features except that both the 
die for flattening the end and also for trimming and 
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punching the hole, were mounted in the same block, 
thus enabling the operator to finish the end *at one 
handling. 

Fig. 1 84. Combination Sprocket and Crank. The forg- 
ing of the wheel paii is accomplished in the same man- 
ner as Fig. 173, and the forging of the crank in the same 
manner as Fig. 151. The chucking, boring, and turning 
of the sprocket, except in size, is a duplicate of the small 
sprocket. It is well, however, to divide the turning tools 
into two or three different tools, owing to the width of 
the cut. A jig which will drill and ream the taper hole 
for the key, at right angles to the large spoke in the wheel, 
is next. Note that this crank is directly opposite the 
other one. The holes in spoke for the screws which hold 
the crank on are drilled in the same jig. For milling the 
pedal bearing, tools have already been described. The 
inside surface which fits the spoke of the wheel, is 
milled at a single cut, holding the crank in the jaws of 
the vise and resting on a leveling block. 

Tools : Drop and turning die ; Jig for wheel ; Jig for 
crank ; Chuck jaws for holding wheel while boring, 
facing and turning off; Reamer; Milling machine, vise 
jaws for crank ; Milling cutter ; Tap. 

The Seat Leather can be blanked out in the same man- 
ner as a piece of metal with a suitable die. Owing to the 
irregularity of the sides of leather, no stripper can be 
used on the die, the blanks being cut around the edge 
of the side, the scrap trimmed off out of the way, and 
the operations repeated till the leather is used up. The 
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leather is then dampened and pressed into shape in a 
pair of brass dies, and laid away on racks to dry. After 
drying the seats are trimmed up by hand with a knife, 
and the center hole or slot pierced out with a die in a 
foot press. 

The metal parts attached to the leather elsewhere de- 
scribed, are riveted on with either tubular or bifur- 
cated rivets, which punch their own holes, and are 
provided with a machine for setting, made by the makers 
of the rivets. Tools required : Blanking die ; brass 
mould for shaping ; piercing die for slot. Some knowl- 
edge of working leather will be required to finish up 
this piece. If made of russet leather all the edges after 
trimming are sand-papered smooth, and then slicked up 
with a bone slick or burnisher. Black saddles have the 
edges blackened with a solution of copperas and water, 
are then greased with a little tallow, and slicked in the 
same manner as the russet pieces. Any name or orna- 
ment may be pressed into the leather with embossing 
dies, which work nicely if made of brass. In order to 
keep their shape properly, the seat bar or spring should 
be fastened in place as soon as possible. 

In the brazing together of bicycle parts, especially 
where the tube is thin or the joints close together, much 
skill and experience will be required. In the prepara- 
tion of the joints there is a special method not generally 
known ; in fact it has not been used in any cycle factory 
in the United States. If you will take two pieces of cop- 
per carefully cleaned and braze them together, you will 
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discover that the spelter or brass will flow or sink into 
the joint just the moment it melts. This is not the fact 
with steel or iron. Not only must the spelter be melted, 
but the whole must be raised many degrees above the 
melting point before a perfect flow of the brass occurs on 
the surface of the steel. This is owing to the fact that the 
alloying of copper and iron is difficult except at a high 
temperature, and is made more difficult by the easy fus- 
ing together of iron and zinc. This fusion occurs at the 
temperature at which zinc turns to oxide, and a film of 
zinc oxide forming on the iron or steel prevents, like 
any other oxide, the union of the metals. The method 
to which I refer, and which will obviate the high tem- 
perature, consists in first cleaning the parts, and then 
electro-plating with a good deposit of copper, using for 
the purpose a cyanate of copper solution made by dis- 
solving carbonate of copper in cyanide of potassium and 
water. Joints prepared and brazed in this manner will 
be found, on examination, to have become thoroughly 
united. Electro-plating with brass instead of copper will 
make a joint at a still lower temperature, but will be 
found not so strong. The principle on which this 
method works, depends on two phenomena, first, the 
uniting of metals by galvanic action, and second, the 
thorough protection of the steel from the formation of 
oxides until the fusing point is reached. For brazing 
the frames, a light iron form or holder with arms, having 
at their extremities clamps for holding each piece in 
place, is very essential, both for keeping the frame square 
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and for preventing the joints from starting before they 
become cold. Brass is very brittle while hot, and should 
be handled accordingly. In brazing use fused borax, or 
better still boracic acid and lots of it, spooning it on 
from time to time as needed. Wind the joints with soft 
brass wire, and paint with borax and water mixed to a 
thick paste and dry before putting in the fire. Never 
under any circumstances use any but fused borax or acid, 
and never put a joint in the fire wet. If you cannot dry 
the joint, put the powdered borax on after the joint be- 
gins to heat. Where gas can be had, especially natural 
or water gas, it should be used, employing a double blow- 
pipe pointed towards each other through a fire-clay or 
brick plate, as shown at D D. Fig. 185. This brazing 
table consists of a flat iron table. Ay covered with fire- 
brick, and two or three fire-brick slabs, B, B, mounted 
in iron angle plates having handles screwed in the cen- 
ter of the back for convenience in handling. Combined 
with the brick cover, (7, a small gas furnace, suited to 
the size of the piece to be brazed, can be arranged at 
will. The blowing of the gas and air through the 
holes, D 1), in the side plates seems to draw in air 
with the gas in addition to what is furnished by the 
blower, producing a very intense heat. The piece to 
be brazed should be held at the point where the two 
flames meet and the gas and air cocks should all be 
within easy reach, that just the right amount of heat 
may be applied at the last moment. When joints are 
brazed on the naked steel, the heat must be brought to 
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the point where the zinc burns sHghtly, rapping the 
piece lightly to cause the brass to flow well into the 
joint. With the coppered work, the joint will be found 
perfect just the moment the metal flows. The copper 
deposit should be good and heavy for satisfactory results. 
The blow-pipe may be constructed of gas pipe, a central 
pipe for air from the blower, and an outer tube sur- 
rounding it, the gas passing through the space between 
the two. A rotary air pump or positive blower will give 
better results than a fan blower, the latter not giving 
enough pressure. After all the parts are brazed, put the 
whole frame in hydrochloric acid for five or ten minutes, 
which will not only remove all the scale from the steel, but 
the melted borax as well. Take from the acid, rinse in 
water, and then in hot soda water, drying off* in sawdust. 
The result will be a perfectly clean piece of work, requir- 
ing, before enameling, only the filing off of the surplus 
brass and milling or sawing of the slot which forms the 
seat-post clamp. The object of the hot soda water is to 
prevent the rusting of the frame by neutralizing the acid. 
A substitute for the soda water consists of a milky solu- 
tion of lime and water, the lime neutralizing the action 
of the acid. Use hot, and allow the lime to dry on the 
work. 

Metal to enamel without afterward peeling must be 
free from rust. The three joints of the forks and head 
can, by proper handling, be brazed all at one heat. It 
will be found necessarj'' to drill a small hole through 
each of these joints and with a piece of iron wire rivet 
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each together. The heat having a tendency to loosen 
the joints and cause them to fall apart ; and in the case 
of this piece it is impracticable to arrange a form that 
will not be in the way. It is sometimes advisable to put 
spelter or brass on the inside of the tube joints, together 
with plenty of borax, as such a method prevents the 
blow-pipe from blowing the borax away and also assists 
in flowing the brass and borax from each end of the 
joint. In all kinds of brazing it is very essential that 
the parts be covered with a film of borax just as soon as 
the melting point of the borax be reached. 

It is not generally understood to what an extent 
polishing has become an art. The degree of accuracy 
and finish reached at this day by the skillful polisher 
must be seen to be appreciated. All the parts of a 
bicycle which are not essentially machine parts requir- 
ing accurate surfaces, can with suitable wheels be fin- 
ished to such a degree as will satisfy the eye as to 
appearance. Consequently it is not necessary to ma- 
chine the cranks and other nickeled parts except where 
fits are required, as the polisher will do the work equally 
as well,* and at less expense. Much of the work and 
some of the tools described are not needed in the prac- 
tical production of a bicycle. All screws, nuts and 
bolts, spokes, nipples, most of the forgings, etc., are now 
made by firms who have invested considerable capital in 
special machinery and tools for producing such parts as 
are universal in all machines. Special machines of all 
kind arc in the market. Wheel rim drilling machine, 
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chain testers, hub turning lathes, etc., etc. All these 
should be made use of for economical results. In forc- 
ing in the bushings, which can best be executed with a 
screw press, always provide a punch or forcing mandrel 
fitting the ball bearing of the bushing, which will in- 
sure the bushing being true. Also provide a support 
which will insure the proper allignment of the two 
bushings, should there be two. 

Though much has been explained in regard to drop 
forgings, the entire expense of the dies can be avoided 
by the use of wrought iron castings sometimes called 
" Mitis " iron, an alloy of wrought iron and soft steel 
scrap with about 4 per cent, of aluminum. Such cast- 
ings are very soft and easily worked and can be cored 
out in such a manner as to save much heavy drilling. 
They braze nicely and if sufficient steel scrap is used 
will be found very tough and strong. 



CHAPTER XIX. 

THE plater's dynamo. 

In order to understand intelligently the following, or 
in fact anything pertaining to electricity, it will be 
necessary to comprehend the meaning of the various 
electrical terms used. 

An Ampere is the measure of quantity. To make 
this clear the electrical current may be compared to 
water under pressure, and the term ampere might be 
said to represent both the water and electricity in 
gallons. 

A Volt is the unit of electrical energy or pressure 
which in the water would be indicated in pounds per 
square inch of exposed surface. 

A Wait is equal to a volt multiplied by an ampere. 
Its equivalent in the case of the water being the gallons 
of water multiplied by the pressure. 

An Ohm is the unit of resistance and represents in the 
case of the water the size of hole through which the 
water escapes, as well as the friction of the water through 
the pipes. 

A current of 10 volts tension and 50 amperes quantity 
would be equal in electrical effect to one of 50 volts and 
10 amperes, the sum of each being 500 Watts. There 

(186) 
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is, however, an element in favor of the 50 volt current, 
as its high pressure enables it to pass along the wire 
with a less number of ohms resistance. It is clear that 
you can get a given quantity of water through an inch 
pipe at 50 pounds pressure, with far greater ease than 
you could the same amount of water at ten pounds 
pressure. From this it will be seen that much larger 
wires will be required for currents of low voltage than 
for those of high tension. The word *' PotetitiaV is 
sometimes used to denote the quantity or amount of 
voltage, expressed as high potential and low potential. 

Currents of high potential, though easy to conduct 
along the wire, are hard to keep on the wire, having a 
a tendency to jump across short distances and form an 
arc or connection through the air, this being especially 
true when the wires or other electrical connections are in 
any way separated. Low potential currents, however, 
will not jump across the most minute space and require 
not only large wires as conductors, but all connections 
must be kept clean and bright, even small particles of 
dust being sufficient to break the connections and stop 
the flow of the current. 

Referring to Fig. 186, the parts of a dynamo are 
named as follows : The part which revolves as a whole 
is called the armature. The projecting part of the arm- 
ature, usually made up of bars of copper or bronze, 
is called the commutator. The copper plates resting 
against the commutator are called the brushes. The 
two or more iron pieces inside of which the annature 
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revolves, are called the poleSy while the part of the poles 
in conjunction with them and wound with wire are 
designated as the field. 

Dynamos for plating purposes are usually wound for 
currents of from two to four volts tension, the amperes 
or quantity depending on the size of the machine. They 
are also "shunt" wound, that is, part of the current 
passes through the field and part through the wire lead- 
ing to the plating solutions. For this reason the field 
pieces have a large amount of large wire wound on them 
in order to make such a resistance as will force the cur- 
rent when needed through the solutions. If all the cur- 
rent were to pass through the field the resistance of the 
baths would cause the current to be broken and also 
make the voltage vary so much as to spoil the work. 
The passing of the current through the field all the time, 
whether the baths are working or not, keeps the djmamo 
constantly magnetized, causing it to act instantly when- 
ever the work is hung in. Increasing the resistance or 
length of wire in the shunt will lower the voltage. Put- 
ting resistance in the wire which leads to the bath will 
reduce the quantity or amperes of current. Increasing 
the speed of the machine will increase both the voltage 
and quantity of electricity generated. The finer and 
longer the wire is on the armature the higher the poten- 
tial of the machine. The shorter and coarser the wire 
the lower it will be. Increasing the amount of iron in 
the poles and the wire on the fields will increase the 
quantity or amperes of the current. 
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The most common form of repair upon the plater's 
dynamo consist in the frequent turning off of the com- 
mutators and the renewal of the brushes. In turning 
the commutators, see that there are no small particles 
lodged in the spaces between the bars of the commutator, 
which must on no account be connected ; therefore, re- 
move very carefully the small particles of metal which 
may lodge in turning. If a wooden block be made to 
fit around about one-fourth of the commutator and lined 
with sand paper, a few minutes' w^ork each day w'ill keep 
the commutator in good order for a long time. Owing 
to the low voltage of such machines, the brushes must 
remain in very close contact. If the commutator is 
round and smooth a very light pressure will be suffi- 
cient ; but when it gets out of round more pressure W'ill 
have to be applied, which will not only increase the 
trouble but wear away very rapidly the brushes and 
commutator. For lubricating the brushes use vaseline, 
applied quite often with a small piece of soft leather or 
felt. Always see that the shaft of the armature has quite 
a little end play, and that the machine sets perfectly 
level, which will be indicated by the armature con- 
stantly moving back and forward. Do not allow the 
machine to become greasy and filled up with oil, as the 
grease or oil may get where it will do harm to the insu- 
lation of the wires. If the wire on the machine shows a 
tendency to become so hot as not to bear the hand, the 
machine is too small for the work it is doing, and a 
larger one will be needed. Should the machine fail to 
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generate after running all right for a time, examine and 
clean all the connections, and try again. Should it re- 
fuse to generate when short circuited or when a wire is 
placed across the wires running to the baths, the trouble 
is internal and must be repaired by an electrician hav- 
ing the necessary instruments to locate the trouble. 
Excessive sparking may be caused by particles of metal 
between the bars of the commutator, or improper setting 
of the brushes, which should be exactly opposite to each 
other. You may sometimes remedy the trouble by rotat- 
ing the brushes around the commutator by means of the 
handle provided for that purpose. 

In setting up a dynamo put it in such a place as will 
prevent any oil from being thrown into the plating 
baths. A very little oil in a nickel bath will make 
much trouble for the plater. 



Fig. 186. PLATE LXXII. 
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CHAPTER XX. 

CONCLUSION — WITH A FEW RANDOM IDEAS, CULLED FROM 

MANY SOURCES. 

The first and most important thing in grinding is 
the truing of the emery wheels. The best method is to 
secure the diamond holder to the slide, which will not 
only insure accurate work, but will save the stone from 
being loosened from the holder- Just a few words about 
diamonds or " Bortz," as they are called in the trade. 

There are many varieties of these stones, and they 
vary in color from a brown or green-black to a semi- 
transparent color. The more transparent, the harder 
and more durable the stone. Also what is called a 
" Natural " is the best. By natural is meant a diamond 
in the original shape in which it was found, it being the 
custom to crush or break up the larger ones, and such 
broken pieces do not seem to have the strength and 
durability of those of original formation. For con- 
venience of fastening in the holder a more or less elon- 
gated shape is desirable. 

The centers of any grinding machine must be kept 
perfectly true and always hardened. The table is set at 
an angle of 30° while grinding the centre, which will 
produce the 60° angle usually preferred 

(191) 
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Cutter Grinding. For grinding all kinds of cutters, 
avoid heavy cuts across the face of the teeth, especially 
when grinding dry, as the edge of the teeth will have 
the temper drawn if the cut be forced. Keep the wheel 
clean and sharp and narrow on the face. A wide faced 
wheel will not do good work, as the pressure will spring 
the parts away from each other. 

Always run all cylindrical pieces on the dead centers. 
In fact, never use the live center at all. Only imperfect 
and unsatisfactory results will follow. 

For grinding laihe tools with square or angular sur- 
faces, cut-ofF tools, side tools and those of similar shape, 
the grinding machine has no equal. The tool may be 
of the kind used in making the broad finishing cuts 
practised by all good machinists, and leaves the clearance 
face of the tool absolutely straight, A very nice clear- 
ance line can be made that will give a smooth cut free 
from chatter marks. 

Cuiting-off tools may be ground in this way with just 
the right amount of side clearance, using for the purpose, 
if desired, a vise or similar fixture. 

All kinds of dies may be held in the vise and sharp- 
ened or have the face ground off. The wheel generally 
used is of the cup form. 

The Walker machine has a universal movement to the 
emery w^heel head, as well as the lateral movement of the 
table, thus making possible many combinations of ar- 
rangement. 

For testing holes, circular limit washers fastened a short 
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distance apart on a handle and having the same features 
except as to size, may be used to advantage. The smaller 
washer or disc will, of course, be on the end, and will 
pass through the hole, the larger size not entering if 
correct. 

By the above method a great number of pieces can be 
inspected by one person in a day, with the absolute cer- 
tainty that they are within the limit and will fit when 
required for use. 

A novel feature is to have, where a piece has a num- 
ber of sizes, all the limit gauges around the edge of a 
circular plate, when all the dimensions may be tested 
before the piece is laid down. 

As all work springs more or less when chilled or tem- 
pered, hardened bearings require to be trued by grinding. 
Only imperfect results can be produced unless all wear- 
ing parts are ground to size. 

Fig. 187, a method of squaring the end of steel bush- 
ings. The wheel is turned away on the side, leaving a 
narrow cutting corner, and should be very soft. If the 
axis of the arbor and the axis of the wheel spindle are 
exactly parallel, the surface will be perfectly flat and 
at right angles with the axes. A concave or convex 
surface can be obtained by varying the relation of the 
axes. 

By this way you can finish the end clean. Note that 

the mandrel is smaller at the end to allow the wheel to 

pass clear of the inner edge, and that the wheel is 

hollow-ground or turned. A saucer or dish shaped 

13 
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wheel gives equally good results without the necessity 
of turning. It is not necessary to drive the work very 
tight on the mandrel for grinding. 
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In making small cutters for slots that have outer 
groove wider than slot, it is very difficult to get the 
edges of the work sharp with a solid cutter, owing to the 
impracticability of getting at the cutting edges of the 
cutter. 

Fig. 188 illustrates a way of piecing together the cutter 
out of three separate cutters, which may be taken apart 
to sharpen, and which are readily made in the first place. 
This system bears on many forms of cutters, as it is 
much better to make up a forming cutter of several 
pieces where practicable, providing, as it does, a ready and 
cheap way of renewal without re-making a w^hole cutter. 

Fig. 189 is one of a set of tools, and was used, as shown, 
for getting two slots opposite each other on two positions 
on a small shaft. The tool not only squares the first slot 
for the milling of the second, but also gauges the depth 
and holds the piece from turning. 

A quick and cheap manner of making short pieces of 
straight shafts or studs, consists in grinding the pieces 
from lengths of cold drawn steel. The work is not cen- 
tered, but is held by means of special steady rests, so 
constructed that the wheel will pass entirely over the 

(195) 
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piece with the exception of a short length used for driv- 
ing, which is afterwards finished by reversing. 

There is a growing tendency among the best tool de- 
signers to perfect automatic features. 

The automatic screw machine is about to be duplicated 
by a second cousin in the form of an automatic milling 
machine. Automatic drill presses with dial features for 
advancing the work; lathes that will cut a thread, by 
going over it in the same manner as a workman, and 
large numbers of special machines for working wire, flat 
strips, etc., are only a few of such advances. 

As most tool-makers and advanced machinists have 
presented to them the features of " Organization," it is 
desirable to note the methods of some of the best exam- 
ples of machine ** Placing." 

Good practice always observes the following rules : 

Place every machine and tool in such a position as 
will carry the work forward in a progressive maimer, but 
before doing so, make a plan of all the floor space, and 
diagram every machine in place. 

Carefully arrange, and condense everj^tliing from the 
start, and if necessary put in duplicates of any machine, 
if by so doing you can avoid returning the work to a 
former place. 

The main point is to continually move onward in one 
direction. Circumstances may advise the placing of 
machinery in what appears a rather mixed order, but it 
will be found less expensive than to hire extra hands to 
move the product from place to place. 
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As an example — ^the author was consulted about the 
cost in a certain plant employing three kinds of machines, 
lathes, milling-machines, and drill-presses. An investi- 
gation disclosed the fact that the plant consisted of three 
principal rooms — lathe room, drill room, and milling 
room, each on a separate floor, connected by an elevator. 
This same elevator was the hardest worked feature of the 
plant, making on an average four hundred trips per day. 
Seventeen per cent, of the labor was for transporting the 
work back and forward from one department to another, 
and one lot of p^irts, when carefully tallied, were found 
to have received "elevation" forty-one times, and to 
have been moved otherwise ninety-six times, thus having 
been handled one hundred and thirty-seven times. It 
was suggested that the machines be " mixed " on a defi- 
nite plan, placing each one in such a manner as would 
permit of each successive operation to have its proper 
tool following in regular order. By this arrangement 
the men simply passed the work from one to another, 
which gave the elevator a much needed rest, and re- 
duced the transportation labor to five per cent., a saving 
of twelve per cent, in labor alone. 

In final conclusion, it is desired to impress the import- 
ance of careful plans in everything. Do not do as one 
old-time foreman did, and move a forge nine times, thus 
leaving eight holes and patches in the roof, as a history 
of its migrations from place to place. 
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ACID, salpburic, chilling in, 41 
Adjustment, convenience of, 9 
Ampere, definition of the, 186 
Annealing and cleaning shells, 135, 
136 
cnps, 123 
furnace, 135 
in pans, 135 
oven, 38 

pickling and cleaning, 137, 138 
steel, 38, 39 
Armature of a dynamo, 187 

BADGES, ornamental bands 
around, 104 
Bail machines, 96 
Baking powder covers, 103 
Ball adjusting cup for steering head, 

upper bearing of a bicycle, 176 
Beading, chasing, knurling, 134, 135 
Bearing of a bicycle, 114, 115 
Bench and vises, 31, 32 

general features of the, 31, 32 
Bicycle, 2 

ball adjusting cup for steering 
head, upper bearing of a, 176 
bearing of a, 114, 115 
bushings for rear wheel bearing 

of a, 167, 168 
cap-nut for end of crank of a, 172 
clamp washer to hold seat bar or 

spring of a, 170 
combination sprocket and crank 

of a, 179 
crank for left side of a, 161-163 
hanger, drop forged, 48-50 
of a, 114, 115, 159, 160 
shaft of a, 160, 161 
cup bearing of a, 176 
forging for fork crown of a, 

174, 175 
fork stem of a, 175 
grip with ferrules or cups of a, 
178 



Bicycle, handle-bar post of a, 177 
handle-bars of a, 177, 178 
hub of a, 168, 169 
left hand jamb-nut for locking 
sprocket wheel of a, 172, 173 
parts, brazing of, 180-184 
polishing of, 184, 185 
pedal hubs or bearings of a, 170, 

171 
rat-trap pedal of a, 171, 172 
rear bearing of a, 161 

brace to saddle of a, 172 
wheel and tube connection 
of a, 166 
round taper, steel key with 
smaller end threaded for a, 163 
seat leather of a, 179, 180 

post of a, 169, 170 
small sprocket for rear wheel 

of a, 173, 174 
steel balls for a, 163-166 
suggestions for a set of tools for 
machining the various parts 
of a, 159-185 
top part of frame of a, 167 
tube connection for frame with. 

clamp for seat of a, 166 
tubular forks of a, 175 
Biscuit-tin covers, 103 
Blacking box covers, dies for, 96,. 103 
Blank holders, inside, 91 
outside, 91 
wooden pattern for, 112 
Blanking, 112 

Bolt blanks, headers for, 155, 156 
Bortz, 191 

Box jig work, example of, 48-50 
jigs, 44, 48-52 

with clamp fixture, 51 
tool, 67 

tools, grinding cutters for, 61 
Brass castings. Fox lathe for, 157 
chasing threads on, 158 
cooling, 137 
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Brass dies, 107 

lubricaDt for, 80 
pickle for, 137 
riTets, header for, 155 
rods, checking of, 143 
screw blanks, headers for, 155 
work, lubrication of, 51 
speed for, 132 
Brazing bicycle parts, 180-184 
furnace, 141 

special method in the prepara- 
tion of joints for, 180, 181 
table, 182 
Break down dies, 123, 124 
Breaking down, principal thing in, 

125 
shells, 123-125 
Breech-loadicg gun, 2 
Britannia work, production of, 109 
Broaching, 68, 69 

press, 68 
Bronze dies, 107 
Brown & Sharpe universal grinder, 

21, 22 
Brushes of a dynamo, 187 
Bucket bottoms, dies for, 98 
Burner work, 103 
Burnisher, roller, 64 
Bushings, 46 

for rear wheel bearing of a bi- 
cycle, 167, 168 
Butt mill with clamp collar, 61, 62 
Button, manufacture of a, 149, 150 

tools, 149 
Buttons having the medallion or top 
folded on the under side, en- 
closing the back, 150, 151 
tools and dial for the manufac- 
ture of, 149, 150 
Butts, parting die for, 85 

CAKE tins, dies for, 97 
Can bottoms, dies for, 98 
tops, dies for, 98 
Cane heads, fancy designs for, 134 
mountings, small indentations 
on the end of, 108 
Cap nut for end of crank of a bicycle, 

172 
Cartridges, heading of, 134 

scaling of, 137 
Cast iron, broaching of, 68 
drilling of, 51 
steel, drilling of, 73 



Casting having both drill and milled 

work, 53, 54 
Casts, large, making of, 111 

plaster-of-paris, 110, 111 
Channels, ells and other angles, 

drawing of, 143 
Chased work, exact reproductions of, 

108, 109 
Chasing, beading, knurling, 134, 135 
hand, 108 

threads, running the lathe in, 
158 
Checking knurl, 63 
Check or stop finger, 77 
Chilling solutions, standard, and 

their use, 39-41 
Chuck, 67 

jaws in ordinary screw machines, 

66 
work, 22 
Chucking and rechucking cast pieces 
in milling machines, principles 
of, 54-56 
machine, turret head, and tools 

for gas cocks, 61 
thin and flat work, fixture for, 
56,57 
Chucks for small work, 58 
Cincinnati tool grinder, 21 
Clamp jigs, 44, 4o-48 

piece having variations oc- 
curring in pieces drilled 
in, 46-48 
Clamps, 56 

Clamp washer to hold seat bar or 
spring of a bicycle, 170 
washers, 45, 46 
Clay model, 109 

Cleaning and annealing shells, 135, 
136 
pickling, and annealing, 137, 138 
Coin dies, method of making, 105, 106 
medal, and stamped sheet metal 
ornaments, embossing of, 104- 
111 
Coins, ornamental bands around, 104 
Collars, grinding the sides of, 28 
Collets, screw machine, hardening 

of, 42 
Combination cut off and knurling 
tool, 63 
die, fruit can, 98, 99 
dies, 86-88, 98 
drop and trimming die, 113 
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GombiDation sprocket and crank of a 

bicycle, 17y 
Commutator of a dynamo, 167 
Commutators of a dynamo, turning 

of, 189 
Compound dies, 66 
Cooker, co?er of a, forming the, 95| 96 

parts of a, 92-96 
Copper, hollow ware of, 67 
lubricant for, 80 
pickle for, 137 
pieces, drop forging o^ 112 
rivets, wide flat bead on, 152 
scaling of, 137 
work, cooling, 137 
Crank for left side of a bicycle, 161- 
163 
banger of a bicycle, 114, 115, 

159, 160 
shan of a bicycle, 160, 161 
Crotchet, the, 36 
Cup bearing for a bicycle, 176 

bottoms, dies for, 98 
Cupping and drawing, running the 
metal in, 121 
finishing, operations be- 
tween, 125 
best forms of dies for, 118-121 
definition of, 118 
dies for, 118 

or cutting, and drawing, 118-123 
work with a single-acting press, 
122 
Cups, annealing of, 123 
Cuspidors, cupping of. 122 
Cutter and tool grinder, suggestions 
regarding the, 18-20 
arbors, 16 

facing, sharpening a, 20 
grinding, 192 
milling, early mode of obtaining 



a, 3 



piecing together a, out of three 
separate cutters, 195 
Cutters, circular, hardening of, 43 
for box tools, grinding of, 61 
fluting reamers, 16 
grooving taps, 16 
right and left band angular, 

15, 16 
screw slotting, 16 
slot, 16 

small, for slots, 195 
Catting and assembling pieces by 



means of ratchet dial 
plates at one operation, 
149-151 
Cutting and drop press, punches and 
dies for the, 70-90 
dies, 101, 102 

lubricating of, 79, 80 
•off tool, 67 

tools, grinding of, 192 
or cupping, and drawing, 118- 

123 
threads, running the lathe in, 158 

DECIMAL equivalents of a fraction 
of an inch, tables of, 29, 30 
Device, taking notes and sketches of 

every, 7 
Dial presses, 124, 125 
Diamonds, 191 

Die and plug to form and draw the 
moulding in one pull, 144 
cutting, vertical milling machine 

for, 116 
double-action cutting and draw- 
ing, 99, 100 
drop and trimming, combination, 

113 
female, 101 • 

fitting punch in the, 75, 76 
for dropping circular pieces, 114 
for punch head, laving out the, 

82-84 
fruit-can combinations, 98, 99 
headers, open, cutting off the 

stock in, 152 
keying the, 73 
machines, solid, 152 

operation in, 153 
sources of trouble 
attached to, 153, 
154 
male, 101 
master, 106 
parting, 84-86 
plain round, for heavy duty, 70, 

71 
plan of the, and side view of the 

punch head, 80, 82 
progressive, 78, 79 
shouldered, 128 
shrinkage of a, 127 
sinking machine, upright, 75 
vertical milling machine 
for, 116 
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Die, spring screw threading, 62 

water, 108, 109 
Dies, allowance for shrink in, 114 
and punches for the cutting and 

drop press, 70-90 
best forms of, for cupping, 118- 

121 
break down, 123, 124 
bronze, 107 
circular die blocks for punching 

and drawing, 38 
coin, method of making, 105, 106 
combination, 98 
compound, 86 
cutting, 101, 102 

lubricating of, 79, 80 
drawing, 91 

drop, flashing the edges of, 112, 
113 
hardening of, 115, 116 
modeling cast iron dies for, 
111 
flat, grinder for leveling up, 92 
for cupping, 118 
dial presses, 125 
headers, 152 
stamped or raised sheet metal 

work, 106, 107 
stamping, finishing up of, 110 
tapered work, 97 
forcing, 100, 101 
hardening of, 42 
iron, 107 

for bending, 111 
irregular backing off, 74 

shaped cutting, 72-77 
made in two or more pieces, 144, 

145 
parting, handling of, in the drop 

hammer, 89 
patterns for casting, 109-111 
redrawing, 91 
reproduction of, 116, 117 
roller, 92 
round, 139 

set of, for mandrel work, 146 
setting of, 88, 89 
sharpening of, 192 
shrinking and polishing of, to 

size, 142 
solid and open, finishing of, 154 
stamping, routing out of, 107 
steel, cutting or engraving of, 104 
pattern piece for, U3 



Dies, to keep cool and free from scales, 
113 
triple-action drawing, 102, 103 
wiring, 93, 94 
Dingus, tinkering up some kind of a, 

6,7 
Dish pans, dies for, 97 
Double-acting press, 88, 118 

action cutting and drawing die, 

99, 100 
seaming machine, attachment on 
the, 94 
Draw-bench, pump for the, 147 

straightening work coming 

from the, 145 
tools for the, 139-148 
-benches, modern, 139 
-press, tapering in the, 129, 130 
Drawing, 41, 42 

and cupping or cutting, 118-123 
cutting, running the metal 

in, 121 
tapering machine, horizon- 
tal, 130 
die for mandrel work, 146 
dies, 91 

pieces open on one side, 144 
press and finishing, 126-129 
geared, 124 

horizontal automatic, 134 
presses, hydraulic, 147, 148 
shape in five draws, 144 
shapes that have thick and thin 

portions, 143, 144 
splitting of the work in, 127 
wrinkling of the work in, 127 
Dredge box, patent, 87 
Drift, 74 

Drifts, tempering of, 74 
Drill and tapping machine, three-* 
spindle combined, 45 
gang, 45 
•press, 14-17 

multiple-spindle, advent of 

the, 2 
sensitive, 15 
presses, automatic, with dial 
features, 196 
for drilling with jigs, 44 
six spindle, 'SO 
-work, soda mixture for, 50 
Drilling machines, pump for, 50 

with jigs, 44 
Drills, four-spindle, 50 
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Drills, twist, early manufacture of, 3 
Drop and trimming die, combination, 
113 
dies, flashing the edges of, 112, 
113 
hardening of, 115, 116 
modeling cast iron dies for, 
111 
forging, 112-117 

facilities, necessary for, 112 
small. Fox lathe for, 157 
forgings, advent of, 3, 4 
hammer, handling parting dies 

in the, 89 
press, rules applicable to the, 89 
Dropping, method of, 112 
Drops, heavy, for forging, lifter for, 

116 
Dynamo, care of a, 189, 190 
parts of a, 187, 188 
plater's, 186-190 
repairs upon the, 189 
setting up of a, 190 
Dynamos, winding of, 188 

ELLS, channels, and other angles, 
drawing of, 143 
Embossing: medal, coin, and stamped 
sheet metal ornaments, 104- 
111 
presses, 104, 105 
Emery wheel, general features of a, 25 
greatest efficiency of a, 26 
ideal, 27 
removing surplus spelter 

with, 142, 143 
selecting and using a, 24 
width of a, 25, 26 
wheels, care of, 18, 19 
mounting of, 28 
soft, free cutting, 27 
standard shapes of, 19 
trueing of, 28, 191 
End mills, large, 16 

FACING cutter, sharpening a, 20 
mill, 54 
Female die, 101 

Ferrule, drawing several shoulders 
on one, 128 
extra long, to draw an, 128, 129 
finishing the inside edge of a, 133 
Ferrules, decorations on, 134 

or solid drawn shells, 118-136 



Ferrules, pickling and washing, 136 
sawed, trimming of, 133, 134 
shearing tools for, 132, 133 
swaging of, into special shapes, 
131 
Field of a dynamo, 188 
File, blunt, 36 

determination of kind of, needed, 

36, 37 
rotary, 133 
Files, and their use and abuse, 33-37 
common tanged, 35 
cut of tooth of, kinds of, 34 
distinguishable features of, 33 
double-cut, 34 

grades of, 34 
for angular surfaces, 36 

irregular, curved surfaces, 
35, 36 
handling of, 33 
holder for, 37 
keeping of, 36 
kinds of, 34 

partially worn, use of, 33 
rasp-cut, 35 

selection of, for the tool room, 35 
single- cut, 34 
very small, 36 
Finishing and cupping, operations be> 
tween, 125 
drawing press, 126-129 
Fixtures and tools tor the screw ma- 
chine, 58-67 
Flanging work at the open end. 131 
Flashing the edge of drop dies, 1 12, 1 13 
Float, a species of file, 35 
Force metal, composition of, 101 
Forcing dies, 100, 101 
Forging, adaptation of the principles 
of the tapering rolls to, 115 
drop, 112-117 

for fork crown of a bicycle, 174, 
175 
Forgings, drop, advent of, 3, 4 
Fork crown of a bicycle, forging for, 
174, 175 
stem of a bicycle, 175 
Forks, embossing of, 1 06 

tubular, of a bicycle, 175 
Four-spindle drills, 50 
Fox lathe, 157 

tools for, 157, 158 
Frame of a bicycle, tube connection 
for, with clamp for seat, 166 
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Frame top part, of a bicjcle, 167 
Friction dial press, 124 
Fruit can combination die, 98, 99 
Farnace, annealing, 135 

GANG drill, 45 
Gas cocks, turret bead chuck- 
ing machine and tools for, 61 
Gasoline burner, drawing over a, 41 
Gauge for gauging counterbored 

holes, 171 
Gauges, equipment of, 8 
Gear cutter, sharpening a, 22, 23 
Geared drawing press, 124 
Gelatine mould, 109 
German silver, cooling, 137 
lubricant for, 80 
pickle for, 137 
rods, checking of, 143 
Gold coins, dies for striking, 105, 106 
Grinder for leveling up rings, 92 
universal, Brown k Sharpe, 21,22 
surface, 32 
Grinding, aim in, 24, 25 
cutters, 192 

cutting edges, diagram for the 
proper method of, 2 1 
-off tools, 192 
direction of the movement of 

the work in, 28 
internal, 27 
lathe tools, 192 

machine, advent of, as a ma- 
chine tool, 4 
for steel balls, 164 
steel balls, 165, 166 
straight and taper cylindrical, 

examples of, 21 
use of water in, 26, 27 
work by swiveling the head 
stock, 28 
Grip with ferrules or cups of a bi- 
cycle, 178 
Gun, breech loading, 2 

factories, early system of tool- 
work in, 2 
lock work, jigs for, 2 

HACK saw frame, automatic, 32 
Hammer, drop, handling part- 
ing dies in the, 89 
Hand broaching presses, 69 
chasing, 108 
drawing, operation in, 126, 127 



Hand lathe, 17 

sizing press, 69 
Handle bar post of a bicycle, 177 

bars of a bicycle, 177, 178 
Hardening drop dies, 115, 116 
punch, 76 

steel tools, rules for, 39-41 
uniform light in, 42 
Header, the, 152-156 
Headers, cut-off in, 152, 153 
open die, double stroke, 156 

single stroke, 154, 165 
solid die, double stroke, 155 

geared, 155, 
156 
single stroke, 155 
special forms of, 154 
Heading, striking up and swaging, 

130-132 
Hinges, parting die for, 85 
Hollow or butt mills, 62 
Hollow ware, cooling, 138 

reproduction of, 109 
tools for, 91-103 
Horizontal automatic drawing press, 
134 
drawing and tapering machine, 

130 
press, 126 
Hub of a bicycle, 168, 169 
Hydraulic drawing presses, 147, 148 

INCH, decimal equivalents of a frac- 
tion of an, tables of, 29, 30 
Index machine, 124, 125 
Introductory, l-ll 
Iron, cast, broaching of, 68 

castings, Fox lathe for, 157 

cooling, 137 

dies, 107 

dies for bending, HI 

lubricant for, 80 

pieces, drop forging of, 112 

pickling of, 138 

rivets, headers for, 155, 156 

scaling of, 138 

screw blanks, headers for, 155 

tack plate, drying of, 138 
Irregular shaped cutting dies, 72-77 

JEWELRY, tools for, 149 
Jig, definition of a, 44 
Jigs, box, 44, 48-52 

with clamp fixture, 51 
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Jigs, clamp, 44, 45-48 

piece having yariatioDB oc- 
curring in pieces drilled 
in, 46-48 
drilling with, 44 
for gun-lock work, 2 

small pieces, 61 
making, 44-52 

reversing method for locating the 
holes in, 52 



KNEE press, 93 
Knurling, chasing, 
134, 135 



beading. 



LAMP bodies, cupping of, 122 
reproduction of, 109 
burner tops, making of, 131, 132 
Lard pail covers, dies for, 98, 103 
Lathe, features of a, when onlj one 
can be purchased, 13, 14 
general features of a, 12, 13 
hand, 17 

tools, grinding of, 192 » 

turret, birth of the, 2 
Lathes, 12-14 
small, 13 

that will cut a thread, 196 
Left-hand jamb nut for locking 
sprocket wheel of a bicycle, 172, 
173 
Lifter for heavy drops for forging, 116 
Lincoln type of milling machine, 2 

MACHINE placing, rules for, 196, 
197 
screw blanks, headers for, 
155, 156 
Male die, 101 

Mandrel for mandrel work, 146 
lubricating the, 146 
work, set of dies for, 146 
Mandrels, turning of, 145 
Master die, 106 
Measures, accurate, 4, 5 
Medal, coin and stamped sheet metal 
ornaments, embossing of, 104-111 
Medals, circular, ornamental bands ' 

around, 104 
Metal, force, composition of, 101 
Metals, soft, lubricant for, 80 
Micrometer, 5 
Milk pans, dies for, 97 
Mill, facing, 54 



Millimetres and fractions of milli- 
metres, tables of decimal equiva- 
lents of, 29, 30 
Milling cutter, early mode of obtain- 
ing a, 3 
cutters, grinding of, 28 
machine, advent of the, 2 
automatic, 196 
fixtures, 53-57 
Lincoln type of, 2 
universal, 15 

advent of the, 2 
vertical, for die sinking or 
cutting, 116 
machines, principles of chucking 
and rechucking cast pieces in, 
54-56 
Mills, hollow or butt, 62 
large end, 16 
side, 15 
spiral, 16 
straddle, 15, 55 
Mitis iron, 185 
Model, working, 44 
Modeler's wax, 110 
Modeling in plaster of paris, 109 

wax, 110 
Monitor lathes or turret-head chuck- 
ing machines, 64-67 
Mould, gelatine, 109 
Moulding pieces, drawing of, 145 
Muffle oven. 135 

Multiple spindle drill press, advent 
of the, 2 
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OTE-BOOK system, 8 



OHM, definition of the, 186 
Oil bath, heating in a, 41 

-can bodies, making of, 131, 

132 
of vitriol, chilling in, 41 
Open die, double stroke headers, 156 
single stroke headers, 154, 
155 
Out-lining, operation of, 74 

PAIL bottoms, dies for, 98 
Pans, annealing in, 135 
Parting die, 84-86 

dies, handling of, in the drop 
hammer, 89 
Patent dredge box, 87 
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Patterns for casting dies, 109-111 
Pedal hubs or bearings of a bicycle, 

170, 171 
Pickle for copper, brass, or German 
silver, 137 
scaling iron or steel, 138 
Pickling and washing shells, 136 
cleaning, and annealing, 137, 138 
heavy shells, 135, 136 
Pie tins, dies for, 97 
Piercing, 77 

rapidly handling work for, 151 
Planer, choice of a, 16, 17 
Plaster of paris casts, making of, 110, 

111 
modeling in, 109 
prevention of, from 
sticking together, 
109, 110 
shrinking of, 111 
Plater's dynamo, 186-190 
Plug, '* ringed,' 142 
Poles of a dynamo, 188 
Polishing, 8, 9 

bicycle parts, 184, 185 
Potential, definition of, 187 
Press, broaching, 68 

check or stop finger of the, 77 
cutting and dropping, punches 

and dies for the, 70-90 
double>acting, 88, 118 
draw, tapering in the, 129, 130 
drop, rules applicable to the, 89 
geared drawing, 124 
hand-sizing, 69 
horizontal, 126 

automatic drawing, 134 
knee, 93 

power wiring and horning, 94 
single-acting, cupping work with 



a, 122 



toggle, 97 

drawing, 97 

trimming, 115 

upright rack and pinion, 126 
Presses, dial, 124, 125 

embossing, 104, 105 

for washers, 79 

hand broaching, 69 

hydraulic drawing, 147, 148 
Progressive die, V8, 79 

possibilities of the, 80 
Pump for drilling machines, 50 
Punch, finishing up a, 71, 72 



Punch, fitting the, in the die, 75, 76 
hardening the, 76 
bead, plan of the die and a side 

view of the, 80-82 
laying out the, 75 
roughing out the, 75 
sizing, 91 
Punches and dies for the cutting and 
drop press, 70-90 
drill rod for, 38 

irregular, fastening of, to the 
gate block, 75 

RACHET dial and automatic feed, 
use of the, to avoid 
hand work, 149 
plates, cutting and as. 
sembling pieces by 
means of, at one 
operation, 149-151 
Rat trap pedal of a bicycle, 171,172 
Reamer, hollow, bell-mouthed, 133 
Reamers, cutters for fluting, 16 
. milling of, 56 
small, drill rod for, 38 
Rear bearing of a bicycle, 161 

brace to saddle of a bicycle, 172 
wheel and tube connection of a 
bicycle, 166 
bearing of a bicycle, bush- 
ings for, 167, 168 
Redrawing dies, 91 
Reduction of a piece of work, 129 
Rings, grinder for leveling up, 92 
Rivets, cooling, 138 
flat-headed, 152 
special machinery for making, 
154-156 
Rods, checking of, 143 
solid, 143 
burnisher, 64 
Roller dies, 92 
Rolls, tapering, adaptation of the 

principles of, to forging, 115 
Rose reamer on centers, grinding a, 21 
Round cylindrical articles, drawn at 
several operations, 91-93 
dies, 139 

-taper, steel key, with smaller 
end threaded, for a bicycle, 163 

SADDLE of a bicycle, rear brace 
to, 172 
Salve-box covers, dies for, 98 . 
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Sand bath, drawing by meaDS of a, 41 
Sardine boxes, seamless, 103 
Saws, slitting, 16 
Screw blanks, headers for, 155 
machine, 58 

birth of the, 2 
collets, hardening of, 42 
Spencer automatic, 65, 66 
tools and fixtures for the, 
58-67 
machines, automatic, 64 

ordinary, chuck jaws in, 

66 
pump for, 64 
slotting cutters, 16 
Screws, standard size' of, 10, 11 

various kinds of, 64 
Seam, filing the, 140 
striping the, 140 
Seaming machine, double, attach. 

ment on the, 94 
Seat leather of a bicycle, 1*79, 180 

post of a bicycle, 169, 170 
Sewing machine, advent of the, 2 

machines used in the 
manufacture of, 3 
Shafts, straight, making short pieces 

of, 195, 196 
Shaper, choice of a, 16, 17 
Shearing tools, 132, 138 
Sheet metal work, stamped or raised, 

106, 107 
Shell, punching holes in the head of 
the, 130 
shouldered, 127, 128 
Shells, annealing and cleaning, 136, 

136 
of, in open pans, 135 
breaking down, 123-125 
heavy, pickling and washing, 

135, 136 
pickling and washing, 136 
scaling of, 137 

solid drawn, or ferrules, 118-136 
Shouldered work, 127, 128 
Side mills, 15 
Silver coins, dies for striking, 105, 106 

ware, production of, 109 
Single-acting press, cupping work 

with a, 122 
Sizing punch, 91 
Six-spindle drill, 50 
Skillets, dies for, 97 
Sleeve and knock-out pin, 134 



Slitting saws, 16 
Slot cutters, 16 

Soda mixture for drill work, 50 
Solid die, double stroke, geared head- 
ers, 155, 156 
headers, 155 
machines, 152 

operation in, 153 
sources of trouble at 
tached to, 153, 154 
single stroke headers, 155 
Spenser automatic screw machine, 

65, 66 
Spinning spindles, grinding machines 

for, 4 
Spiral mills, 16 
Splitting in drawing, 127 
Spoons, embossing of, 106 
Spring screw threading die, 62 
Sprocket, small, for rear wheel of a 
bicycle, 173,174 
teeth, milling of, 174 
wheel of a bicycle, left-hand 
jamb nut for locking, 172, 173 
Stamped pieces, very deep, 108 

sheet metal ornaments, coin and 
medal, embossing of, 104-111 
Stamping dies, routing out of, 107 
Steel and tempering, 38-43 
annealing of, 38, 39 
balls for a bicycle, 163-166 
grinding, 165, 166 

machine for, 164 
bushes, squaring the ends of, 193 
cast,r drilling of, 73 
cooling, 137 
cutting rings, 101 
dies, cutting or engraving of, 104 

very large, 107 
lubricant for, 80 
pickling of, 138 
pieces, drop forging of, 112 
scaling of, 138 

success in hardening and tem- 
pering, 42 
tack plate, drying of, 138 
tools, hardening, rules for, 39-41 
wire and twist drill gauge, table 
of sizes of gauge of, 31 
Straddle mills, 15, 85 
Striking up closed ends of work for 
ornamentation, 130 
heading and swaging, 
130-132 
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Striping, mixture for, 140 
Stripper plate, 128 
Stripping die for mandrel work, 146 
Studs, straight, making short pieces 

of, 195, 196 
Sulphuric acid, chilling in, 41 
Swaging, striking up and heading, 

130-132 

TABLE of sizes of gauge of twist, 
drill and steel wire, 31 
tempering colors, 43 
wire gauge sizes in deci- 
mal parts of an inch, 30 
Tables of decimal equivalents of frac- 
tions of an inch, 29, 30 
millimetres and fractions of 
millimetres, 29, 30 
Taper mandrel on centres, grinding 

a, 21 
Tapering in the draw-press, 129, 130 
mode of, 129, 130 
rolls, adaptation of the principles 

of, to forging, 115 
work small at the closed end, 
129, 130 
smallest at the open end, 130 
Tapping with tapping machines, 69 
Taps, cutters for grooring, 16 
drill rod for, 38 
milling of, 56 
Telescopic tube, drawing of, 145, 146 
Tempering and steel, 38-43 
colors, table of, 43 
drifts, 74 • 

Testing holes, 193 
Thimbles, small indentations on the 

end of, 108 
Threads, chasing of, on brass, 158 
cutting or chasing, running the 
lathe in, 158 
Three-spindle combined drill and 

tapping machine, 45 
Tin, hollow ware of, 87 

ware, wiring dies for, 93, 94 
Toggle drawing press, 97 

press, large, 97 
Tongs, hooking on the, 140 
Tool and cutter grinder, Universal, 20 
box, 67 

combination cut off and knurl- 
ing, 6:i 
cutting off, 67 
grinder, care of the, 23, 24 



Tool grinder, Cincinnati, 21 
modern, 17, 18 
Walker, 20 
grinders, 17-31 

small, 18 
-maker, present, definition of, 1 
requirements necessary to 
become a, 6 
making at the beginning of the 
civil war, 2 
definition of, 12 
necessity of knowing the 
best means to reach a re- 
sult in, 6 
Vemarks as to methods to 
employ in, 5-11 
placing, rules for, 196, 197 
-room, choice of a shaper or 
planer for the, 16, 17 
modern, and its equipment, 

12-32 
selection of files for the, 35 
universal grinder for the 
general use of the, 23 
Tools and dial for the manufacture 
of buttons, 149, 150 
fixtures for the screw ma- 
chine, 58-67 
button, 149 
care of, 9, 10 

cutting off, grinding of, 192 
for draw-bench, 139-148 
forming up pieces, 63, 64 
Fox lathe, 157, 158 
hollow- ware, 91-103 
jewelry, 149 

machining the various parts 
of a bicycle, suggestions 
for a set of, 159-185 
inspection of, after use, 10 
lathe, grinding of, 192 
running the, in beading, rolling, 

or chasing, 134, 135 
small, first organization of firms 

for the manufacture of, 4 
steel, rules for hardening, 39-41 
Trimming, 132-134 

and drop die combination, 113 
press, 115 
Trip die holder, 62 
Triple action drawing dies, 102, 103 
Tube connection for frame, with 
clamp for seat of a bicycle, 166 
drawing of, with a plug, 142 
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Tube, forming up the, from flat strips, 
139, 140 
keeping the, from overlapping, 

140 
ordinary, drawing of, 141, 142 
telescopic, drawing of, 145, 146 
Tubing device for bending, 177, 178 
Tubular forks of a bicycle, 175 
Turned work, samples of, 58-61 
Turret head chucking machine and 

tools for 
gas cocks, 
61 
or monitor 
lathes, 
64-67 
lathe, birth of the, 2 

the, 58 
lathes, pump for, 64 
Turrets, set of tools for, 66 
Twist drill and steel wire gauge, 
table of sizes of gauge of, 31 
drills, early manufacture of, 3 
Typewriter, 2 

UNIVERSAL grinder, Brown & 
Sharpe, 21, 22 
milling machine, 15 

advent of the, 2 
surface grinder, 32 
tool and cutter grinder, 20 

and details 
of its op- 
erations, 
22 

14 



Upright die sinking machine, 75 
rack and pinion press, 126 

VISES and bench, 31, 32 
form of jaw of, 31 
Vitriol, oil of, chilling in, 41 
Volt, definition of the, 186 

WALKER machine, 192 
tool grinder, 20 
Washers, clamp, 45, 46 

grinding of, 28 

presses for, 79 
Watch, machine made, 2 
Water die, 108, 109 

use of, in grinding, 26, 27 
Watt, definition of the, 186 
Wax, modeler's, 110 

modeling in, 110 
Wheel die, to get out a, 173 
Whip heads, fancy designs for, 134 

mountings, small indentations on 
the end of, 108 • 
Wire and twist drill gauge, table of 
sizes of gauges of, 31 

bending of, 151 

cooling, 138 

gauge sizes, table of, in decimal 
parts of an inch, 30 
Wiring dies, 93, 94 

operations in, 94 
Wood carving, 109 
Work, paralleling the, 55, 56 
Wrinkling in drawing, 127 
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Polishing, etc. By Oliver Byrne. Illustrated bj 185 wood en- 
gravings. 8vo #5*oo 

BYRNE.— Pocket-Book for Railroad and Civil Engineers : 
Containing New, Exact and Concise Methods for Laying out RailroaA 
Curves, Switches, Frog Angles and Crossings ; the Staking out of 
work ; Levelling ; the Calculadon of Cuttings ; Embankments ; E^rth* 
work, etc. By Oliver Byrne. i8mo., full bound, pocket-book 
form ^1*50 

BYRNE.— The Practical Metal- Worker's Assistant : 
Comprising Metallurgic Chemistry ; the Arts of Working all Metals 
and Alloys ; Forging of Iron and Steel ; Hardening and Tempering; 
Melting and Mixing; Casting and Founding ; Works in Sheet Metsd; 
the Processes Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed by Metal- 
Workers. With the Application of the Art of Electro-Metallurgy to 
Manufacturing Processes ; collected from Original Sources, and from 
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Scoffern, Clay, Fairbaim and others. By Oliver Byrne. A new, 
revised and improved edition, to which is added an Appendix, coa« 
taining The Manufacture uf Russian Sheet- Iron. By John Percy, 
M. D., F. R. S. The Manufacture of Malleable Iron Castings, and 
Improvements in Bessemer Steel. By A. A. Fesquet, Chemist and 
Engineer. With over Six Hundred Engravings, Illustrating every 
Branch of the Subject. 8vo l5«00 

BYRNE.— The Practical Model Calculator: 
For the Engineer, Mechanic, Manufacturer of Engine Work, Naval 
Architect, Miner and Millwright. By Oliver Byrne. 8vo., nearly 
600 pages $3-00 

CABINET MAKER'S ALBUM OF FURNITURE: 
Comprising a Collection of Designs for various Styles of Furniture. 
Illustrated by Forty-eight Large and Beautifully Engraved Plates. 
Oblong, 8vo ^1.50 

CALLINGHAM.— Sign Writing &nd Glass Embossing: 
A Complete Practical Illustrated Manual of the Art. By James 
Callingham. i2mo I1.50 

CAM PIN. — A Practical Treatise on Mechanical Engineering: 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work« 
shop Machinery, Mechanical Manipulation, Manufacture of Steam« 
Engines, etc. With an Appendix on the Analysis of Iron and Iron 
Ores. By Francis Campin, C. E. To which are added. Observations 
on the Construction of Steam Boilers, and Remarks. upon Furnaces 
used for Smoke Prevention ; with a Chapter on Explosions. By R* 
Armstrong, C. E., and John Bourne. Rules for Calculating ths 
Change Wheels for Screws on a Turning Lathe, and for a WheeU 
cutting Machine. By J. La Nicca. Management of Steel, Include 
ing Forging, Hardening, Tempering, Annealing, Shrinking and 
Expansion ; and the Case-hardening of Iron. By G. Ede. ^yo. 
Illustrated with twenty-nine plates and xoo wood engravings #5.00 
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CAREY.— A Memoir of Henry C. Carey. 
By Dr. Wm. Elder. With a portrait. 8vo., cloth • • 75 

CAREY.—The Works of Henry C. Carey : 

Harmony of Interests : Agricultural, Manafiacturing and Commer- 
cial, ovo. . . $1.25 

Manual of Social Science. Condensed from Carey's <* Principles 
or Social Science." By Kate McKean. i vol. i2mo. . $2.00 
Miscellaneous Works. With a Portrait. 2 vols. 8vo. ^10.00 

Past, Present and Future. 8vo I2.50 

Principles of Social Science. 3 volumes, 8vo. . . I7.50 
The Slave-Trade, Domestic and Foreign; Why it Exists, and 
How it may be Extinguished (1853). 8vo. . . . $2.00 
The Unity of Law : As Exhibited 'in ihe Relations of Physical, 
Social, Mental and Moral Science (1872). 8vo. . . ^2.50 

CLARK. — Tramways, their Construction and Working : 

Embracing a Comprehensive History of the System. With an ex- 
haustive analysis of the various modes of traction, including horse- 
power, steam, heated water and compressed air; a description of the 
varieties of Rolling stock, and ample details of cost and working ex- 
penses. By D. KiNNEAR C^ARK. Illustrated by over 200 wood 
engravings, and thirteen folding plates, i vol. 8vo. , I7.50 

COLBURN.— The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimating its 
Capabilities, and Practical Observations on its Construction and Man- 
agement. By Zerah Colburn. Illustrated. i2mo. . ^I.oo 

COLLENS.— The Eden of Labor ; or, the Christian Utopia. 
By T. Wharton Collens, author of " Humanics," " The Historf 
of Charity," etc. i2mo. Paper cover, $1.00; Cloth . jil.25 

COOLEY. — A Complete Practical Treatise on Perfumery : 
Being a Hand-book of Perfumes, Cosmetics and other Toilet Articles. 
With a Comprehensive Collection of Formulae. By ARNOLD J 
CooLEY. i2mo "... 1 1.50 

COOPER.— A Treatise on the use of Belting for t^e Trans- 
mission of Power. 
With numerous illustrations of approved and actual methods of ar- 
ranging Main Driving and Quarter Twist Belts, and of Belt Fasten 
ings. Examples and Rules in great number for exhibiting and cal- 
culating the size and driving power of Belts. Plain, Particular and 
Practical Directions for the Treatment, Care and Management o^ 
Belts. Descriptions of many varieties of Beltings, together with 
chapters on the Transmission of Power by Ropes; by Iron and 
Wood Frictional Gearing; on the Strength of Belting Leather; and 
on the Experimental Investigations of Morin, Briggs, and others. By 
John H. Cooper, M. E. 8vo Ij-SO 

CRAIK.— The Practical American Millwright and Mttler. 
By David Craik, Millwright. Illustrated by numerous wood en« 
gravings and two folding plates. 8vo #3«50 
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CROSS. — The Cotton Yam Spinner : 

Showing how the Preparation should be arranged for Different 
Counts of Yams by a System more uniform than has hitherto been 
practiced ; by having a Standard Schedule from which we make all 
our Changes. By Richard Cross. 122 pp. i2mo. . 75 

CRISTIANI. — A Tech':ical Treatise on Soap and Candles: 
With a Glance at the Industry of Fats and Gib. By R. S. Cris- 
TIANI, Chemist. Author of " Perfumery and Kindred Arts." Illus- 
trated by 176 engravings. 581 pages, 8vo. . • . ^15.00 

COAL AND METAL MINERS' POCKET BOOK: 

Of Principles, Rules, Formulae, and Tables, Specially Compiled 
and Prepared for the Convenient Use of Mine Officials, Mining En- 
gineers, and Students preparing themselves for Certificates of Compe- 
tency as Mine Inspectors or Mine Foremen. Revised and Enlarged 
edition. ]llu.straied, 565 pages, small i2mo, cloth. . $2.00 

Pocket book form, flexible leather with flap . . ^2.75 

DAVIDSON.— A Practical Manual of House Painting, Grain- 
ing, Marbling, and Sign- Writing: 
Containing full information on the processes of House Painting in 
Oil and Distemper, the Formation of Letters and Practice of Sign- 
Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House Painters, Writers, etc., and a Collection of Useful 
Receipts. With nine colored illustrations of Woods and Marbles, 
and numerous wood engravings. By Ellis A. Davidson. i2mo. 

I2.00 

DAVIES.— A Treatise on Earthy and Other Minerals and 
Mining: 
By D. C. Davies, F. G. S., Mining Engineer, etc. Illustrated by 
76 Engravings. l2mo ^5-^^ 

DAVIES. — A Treatise on Metalliferous Minerals and Mining: 
By D. C. Davies, F. G. S , Mining Engineer, Examiner of Mines, 
Quarries and Collieries. Illustrated by 148 engravings of Geological 
Formations, Mining Operations and Machineiy, drawn from the 
practice of all parts of the world. P'ifth Edition, thoroughly Revised 
and much Enlarged by his son, E. Henry Davies. i2mo., 524 
pages . . ^5'^^ 

DAVIES.— A Treatise on Slate and Slate Quarrying: 

Scientific, Practical and Commercial. By D. C. Davies, F. G. S., 
Mining Engineer, etc. With numerous illustrations and folding 
plates. l2mo. . ^2.00 

DAVIS. — A Practical Treatise on the Manufacture of Brick, 

Tiles and Terra-Cotta : 

Including Stiff Clay, Dry Clay, Hand Made, Pressed or Front, and 

Roadway Paving Brick, Enamelled Brick, with Glazes and Colors, 

Fire Brick and Blocks, Silica Brick, Carbon Brick, Glass Pots, Re- 
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torts, Architectural Tcrra-Cotta, Sewer Pipe, Drain Tile, Glazed and 
Unglazed Roofing Tile, Art Tile, Mosaics, and Imitation of Intarsia 
or Inlaid Surfaces. Comprising every product of Clay employed in 
Architecture, Engineering, and the Blast Furnace. With a Detailed 
Description of the Different Clays employed, the Most Modern 
Machinery, Tools, and Kilns used, and the Processes for Handling, 
Disintegrating, Tempering, and Moulding the Clay into Shape, Dry- 
ing, Setting, and Burning. By Charles Thomas Davis. Third Edi- 
tion. Revised and in great part rewritten. Illustrated by 261 
engravings. 662 pages ^5-00 

DAVIS. — A Treatise on Steam-Boiler Incrustation and Meth- 
ods for Preventing Corrosion and the Formation of Scale: 
By Charles T. Davis. Illustrated by 65 engravings. 8vo. I2.00 

DAVIS.— The Manufacture of Paper : 

Being a Description of the various Processes for the Fabrication, 
Coloring and Finishing of every kind of Paper, Including the Dif* 
ferent Raw Materials and the Methods for Determining their Values, 
the Tools, Machines and Practical Details connected with an intelli- 
gent and a profitable prosecution of the art, with special reference to 
the best American Practice. To which are added a History of Pa- 
per, complete Lists of Paper- Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles T. 
Davis. Illustrated by 156 engravings. 608 pages, 8vo. |6.oo 

DAVIS. — The Manufacture of Leather: 
Being a Description of all the Processes for the Tanning and Tawing 
with Bark, Extracts, Chrome and all Modern Tannages in Genenu 
Use, and the Currying, Finishing and Dyeing of Every Kind of Leather; 
Including the Various Raw Materials, the Tools, Machines, and all 
Details of Importance Connected with an Intelligent and Profitable 
Prosecution of the Art, with Special Reference to the Best American 
Practice. To which are added Lists of American Patents ( 1 884-1 897) 
for Materials, Processes, Tools and Machines for Tanning, Currying, 
etc. By Charles Thomas Davis. Second Edition, Revised, and 
in great part Rewritten. Illustrated by 147 engravings and 14 Sam- 
ples of Quebracho Tanned and Aniline Dyed Leathers. 8vo, cloth, 
712 pages. Price $7$^ 

DAWIDOWSKY—BRANNT.— A Practical Treatise on the 

Raw Materials and Fabrication of Glue, Gelatine, Gelatine 

Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 

etc. : 

Eased upon Actual Experience. By F. Dawidowskv, Technical 

Chemist. Translated from the German, with extensive additions, 

including a description of the most Recent American Processes, by 

William T. Brannt, Graduate of the Royal Agricultural College 

of Eldena, Prussia. 35 Engravings. l2mo. . . . ^2.50 

DB GRAFF.— The Geometrical Stair-Builders* Guide: 
Being a Plain Practical System of Hand-Railing, embracing all iti 
necessary Details, and Geometrically Illustrated by twenty-two Steel 
Engravings ; together with the use of the most approved pnndplef 
Af practical Geometry. By Simon De Graff, Architect 4t«. 

^2.00 
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DE KONINCK— DIETZ.— A Practical Manual of Chemical 
Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast IroM^ 

Wrought Iron, and Steel, as found in Commerce. By L. L. Db 

KoNiNCK, Dr. Sc, and £. Dietz« Engineer. Edited with Notes, by 

Robert Mallet, F. R. S., F. S. G., M. I. C. E., etc. Americsa 

Edition, Edited with Notes and an Appendix on Iroc Ores, by A. A* 

Fesquet, Chemist and Engineer. i2mo. . • • ^1.50 

DUNCAN.— Practical Surveyor's Guide: 
Containing the necessary information to make any person of conn 
mon capacity, a finished land surveyor without the aid of a teacher. 
By Andrew Duncan. Revised. 72 engraving's, 214pp. i2mo. I1.50 

DUPLAIS. — A Treatise on the Manufacture and Distillation 
of Alcoholic Liquors : 
Comprising Accurate and Complete Details in Regard to Alcohol 
from Wine, Molasses, Beets, Grain, Rice, Potatoes, Sorghum, Aspho- 
del, Fruits, etc. ; with the Distillation and Rectification of Brandy, 
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparation of Aro- 
laatic Waters, Volatile Oils or Essences, Sugars, Syrups, Arossatic 
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., tiha 
Ageing of Brandy and the improvement of Spirits, with CopioM 
Directions and Tables for Testing and Reducing Spirituous Liquors, 
etc.« etc. Translated and Edited from the French of MM. DUPLAIS, 
Aine et Jeune. By M. McKennie, M. D. To which are added the 
United States Internal Revenue Regulations for the Assessment and 
Collection of Taxes on Distilled Spirits. Illustrated by fourteem 
folding plates and several wood engravings. 743 pp. 8vo. $12.50 

DUSSAUCB.— Practical Treatise on the Fabrication of Matcheii 
Gun Cotton, and Fulminating Powder. 
By Professor H. Dussauce. i2mo. .... 
DYER AND COLOR-MAKER'S COMPANION: 

Containing upwards of two hundred Receipts for making Colors, on 
the most approved principles, for all the various styles and fabrics now 
in existence ; with the Scouring Process, and plain Directions for 
Preparing, Washing-off, and Finishing the Goods. i2mo. ^i.oo 

EDWARDS. — A Catechism of the Marine Steam-Engine» 
For the use of Engineers, Firemen, and Mechanics. A Practical 
Work for Practical Men. By Emory Edwards, Mechanical Engi- 
neer. Illustrated by sixty-three Engravings, including examples of 
the most modern Engines. Third edition, thoroughly revised, with 
much additional matter. 12 mo. 414 pages . ^2 oa 

EDWARDS. — Modem American Locomotive Engines, 
Their Design, Construction and Management. By Emory EDWAltOib 
Illustrated i2mo • ^2.00 

ED WARDS.—The American Steam Engineer : 

Theoretical and Practical, with examples of the latest and most ap- 
proved American practice in the design and construction of Steam 
Engines and Boilers. For the use of engineers, machinists, boiler- 
vpakers, and engineering students. By Emory Edwards. Fully 
iUutrated, 419 pages. i2mo. • . . . $2.50 
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EDWARDS. — Modem American Marine Engines, BoHefSy sol 

Screw Propellers, 

Their Design and Construction. Showing the Present Practice oi 

tiie most Eminent Engineers and Marine £ngine Builders in the 

United States. Illustrated by 30 laige and elaborate plates. 4to. #5.00 

^DWARDS.—The Practical Steam Engineer's Guide 

In the Design, Construction, and Management of American Stationary, 
Portable, and Steam Fire- Engines, Steam Pumps, Boilers, Injector^ 
Governors, Indicators, Pistons and Rings, Safety Valves and Steam 
Gauges. For the use of Engineers, Firemen, and Steam Users. By 
Emory Edwards. Illustrated by 119 engravings. a2o pages. 
i2mo f 2 50 

BISSLER.--The Metallurgy of Gold : 
A Practical Treatise on the Metallurgical Treatment of Gold- Bear* 
ing Ores, including the Processes of Concentration and Chlorination, 
and the Assaying, Melting, and Refining of Gold. By M. ElssLER. 
With 132 Illustrations. l2mo $5.00 

EISSLER.— The Metallurgy of Silver : 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation 
of Silver Ores, including the Assaying, Meliing, and Refining of 
Silver Bullion. By M. Eissler. 124 Illustrations. 336 pp. 
i2mo ^-25 

ELDER. — Conversations on the Principal Subjects of Political 
Economy. 
By Dr. William Elder. 8vo $2 $0 

ELDER.— Questions of the Day^ 

Economic and Social. By Dr. William Elder. 8vo. . I3.00 

BRNI. — Mineralogy Simplified. 
Easy Methods of Determining and Classifying Minerals, including 
Ores, by means of the Blowpipe, and by Humid Chemical Analysis, 
based on Professor von Kobcll's Tables for the Detenninaiion of 
Minerals, with an Introduction to Modem Chemistry. By Henry 
Erni, A.M., M.D., Professor of Chemistry. Second Edition, rewritten, 
enlarged and improved. l2mo. • . . . . 

PAIRBAIRN.— The Principles of Mechanism and Machinery 
of Transmission * 
Comprising the Principles of Mechanism, Wheels, and Pulleys. 
Strength and Proportions of Shafts, Coupling of Shafts, and Engag. 
ing and Disengarfng Gear. Bv SiR William Fairbairn, Bart. 
C. E. Beautifully illustrated by over 150 wood-cuts. In one 
'volume. lamo. I2.00 

PLBMINO.— Narrow Gauge Railways in America. 
A Sketch of their Rise, Progress, and Success. Valuable Statistics 
as to Grades, Curves, Weight of Rail, Locomotives, Cars, etc. By 
Howard Fleming. Illustrated, 8vo |i 00 

FORSYTH.— Book of Designs fbr Headstones, Mural, and 
other Monuments : 
Containing 78 Designs. By James Forsyth. With an Introducdon 
by Charles Boutell, M. A. 4 to., cloth • . $3-5^ 
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FRANKBL— HUTTER.~A Practical Treatise on the Mana* 
facture of Starch, Glucose, Starch-Sugar, and Dextrine: 
Based on the German of Ladislaus Von Wagner, IVofessor in the 
Royal Technical High School, BudaPest, Hungary, and other 
authoriiics. By Julius Frankel, Graduate of the Polytechnic 
School of Hanover. Edited by Robert H utter. Chemist, Practical 
Manufacturer of Starch-Sugar. Illustrated by 58 engravings, cover- 
ing every branch of the subject, including examples of the most 
Recent and Best American Machinery. 8vo., 344 pp. . I3.50 

OARDNER. — The Painter's Encyclopsedia : 
Containing Definitions of all Important Words in the Art of Plain 
and Artistic Painting, with Details of Practice in Coach, Carriage, 
Railway Car, House, Sign, and Ornamental Paintmg, including 
Graining, Marbling, Staining, Varnishing, Polishing, Lettering, 
Stenciling, Gilding, Bronzing, etc. By Franklin B. Gardner. 
158 Illustrations. l2mo. 427 pp ^2.00 

GARDNER.— Everybody's Paint Book : 
A Complete Guide to the Art of Outdoor and Indoor Painting, De- 
signed for the Special Use of those who wish to do their own work, 
and consisting of Practical Lessons in Plain Paintmg, Varnishing, 
Potishmg, Staining, Pfprr Hanging, Kalsomining, etc., as well as 
Directions for Renovating Furniture, and Hint^ on Artistic Work for 
Home Decoration. 38 Illustrations. i2mo., 183 pp. . |l.oo 

GEE. — The Goldsmith's Handbook : 
Containing full instructions for the Alloying and Working of Gold, 
including the Art of Alloying, Melting, Reducing, Coloring, Col- 
lecting, and Refining; the Processes of Manipulation, Recovery of 
Waste; Chemical and Physical Properties of Gold; with a New 
System of Mixing its Alloys ; 5>olders, Enamels, and other Useful 
Rules and Recipes. By George E. Gee. i2mo. • . I1.25 

GEE.— The Silversmith's Handbook : 
Containing full instructions for the Alloying and Working of Silver, 
including the different modes of Refinir'- and Melting the Metal ; its 
Solders ; the Preparation of Imitation Alloys ; Methods of Manipula- 
tion ; Prevention of Waste ; Instructions for Improving and Finishing 
the Surface of the Work ; together with other Useful Information and 
Memoranda. By George E. Gee. Illustrated. i2mo. ti.25 

GOTHIC ALBUM FOR CABINET-MAKERS: 

Designs for Gothic Furniture. Twenty-three plates. Oblong 1 1.50 

3RANT.-~A Handbook on the Teeth of Gears : 
Their Curves, Properties, and Practical Construction. By George 
B.Grant. Illustrated. Third Edition, enlarged. 8vo. |ioo 

GREENWOOD.— Steel and Iron: 

Comprising the Practice and Theorv of the Several Methods Pur- 
sued in their Manufacture, and of their Treatment in the Rolling. 
Mills, the Forge, and the Foundry. By William Henry Green* 
WOOD, F. C. S. With 97 Diagrams, 536 pages. i2mo. ^2.00 
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QRBQORY. — ^Mathematics for Practical Men : 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates fe.oo 

GRISWOLD.— Railroad Engineer's Pocket Companion for tbr 
Field : 
Comprising Rules for Calculating Deflection Distances and Angles 
Tangential Distances and Angles, and all Necessary Tables for £n 
gineers ; also the Art of Levelling from Preliminary Survey to the 
Construction of Railroads, intended Expressly for the Young En- 
gineer, together with Numerous Valuable Rules and Examples. By 
W. Griswold. i2mo.. tucks |l*5o 

GRUNBR. — Studies of Blast Furnace Phenomena: 
By M. L. Gruner, President of the General Council of Mines oi 
France, and lately Professor of Metallurgy at the Ecole des Mines. 
Translated, with the author's sanction, with an Appendix, by L. D. 
B. Gordon, F. R. S. E., F. G. S. 8vo. . . . #2.50 

Hand-Book of Useful Tablss for the Lumberman, Farmet and 
Mechanic : 

Containing Accurate Tables of Logs Reduced to Inch Board Meas- 
ure, Plank, Scantling and Timber Measure; Wages and Rent, by 
Week or Month ; Capacity of Granaries, Bins and Cisterns ; Land 
Measure, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and 8 per cent., and many other Useful Tables. 
32 mo., boards. 186 pages .25 

HASERICK.->The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen, 
Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yams. A Treatise based on Economy and Practice. By 
E. C. Haserick. Illustrated by 323 Dyed Patterns of the Yarm 
or Fabrics. 8vo. ,.•••... ^7>50 

HATS AND FELTING : 
A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . • 1 1. 25 

HOPPER. — A Practical Treatise on Caoutchouc and Gutta 
Percha, 
Comprising the Properties of the Raw Materials, and the manner 0/ 
Mixing and Working them ; with the Fabrication of Vulcanized and 
Hard Rubbers, Caoutchouc and Gutta Peicha Compositions, Water* 
proof Substances, Elastic Tissues, the Utilization of Waste, etc., eic, 
From the German of Raimund Hoffer. By W. T. Brannt. 
Illustrated i2mo ^2.50 

HAUPT. — Street Railway Motors: 

With Descriptions and Cost of Plants and Operation of the Various 
Systems now in Use. i2mo. ^i-75 
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HAUPT— RHAWN.—A Move for Better Roads : 

£ssa]rs on Road-making and Maintenance and Road Laws, for 
which Prizes or Honorable Mention were Awarded through the 
University of Pennsylvania by a Committee of Citizens of PhiladeU 
phia, with a Synopsis of other Contributions and a Review by the 
Secretary, Lewis M. Haupt, A. M., C. £. ; also an Introduction by 
William H. Rhawn, Chairman of the Committee. 319 pages. 
8vo ^2.00 

HUGHES.— American Miller and MUlwright's Assistant: 
By William Carter Hughes. i2mo I1.50 

HULME. — Worked Examination Questions in Plane Geomet- 
rical Drawing : 
For the Use of Candidates for the Royal Military Academy, Wool- 
wich; the Royal Military College, Sandhurst ; the Indian Civil En- 
ginecring College, Cooper's Hill ; Indian Public Works and Tele- 
graph Departments ; Royal Marine Light Infantry ; the Oxford and 
Cambridge Local Examinations, etc. By F. Edward Hulme, F. L. 
S., F. S. A., Art-Master Marlborough College. Illustrated by 300 
examples. Small quarto ^2.50 

JBRVI S.— Railroad Property : 

A Treatise on the Construction and Management of Railways; 
designed to afford useful knowledge, in the popular style, to the 
holders of this class of property ; as well as Railway Managers, Offi- 
cers, and Agents. By John B. Jervis, late Civil Engineer of the 
H udson River Railroad, Croton Aqueduct, etc. i2mo., cloth $2XXi 

CEENE.— A Hand-Book of Practical Gauging : 
For the Use of Beginners, to which is added a Chapter on Distilla* 
tion, describing the process in operation at the Custom-House for 
ascertaining the Strength of Wines. By James B. Keene, of H. M. 
Customs. 8vo. ^I.oo 

KELLEY. — Speeches, Addresses, and Letters on Industrial and 
Financial Questions : 
By Hon. William D. Kelley, M. C. 544 pages, 8vo, . f 2,50 

KELLOGG.— A New Monetary System : 
The only means of Securing the respective Rights of Labor and 
Properly, and of Protecting the Public from Financial Revulsions. 
By Edward Kellogg. Revised from his work on <' Labor and 
other Capital." With numerous additions from his manu!»cript 
Edited by Mary Kellogg Putnam. Fifth edition. To which it 
added a Biographical Sketch of the Author. One volume, i2mo. 

Paper cover ^I.oo 

Bound in cloth 1. 25 

KEMLO.— Watch- Repairer's Hand-Book: 
Being a Complete Guide to the Young Beginner, in Taking Apart, 
Pulling Together, and Thoroughly Cleaning the English Lever and 
other Foreign Watches, and all American Watches. By F. Kemlo, 
l^ractical \S^tchmaker. With Illustrations. i2mo. • I1.25 
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KENTISH.— A Treatise on a Box of Instruments, 
And the Slide Rule ; with the Theory of Trigonometry and Loga 
rithms, including Practical Geometry, Surveying, Measuring of Tim- 
ber. Cask and Malt Gauging, Heights, and Distances. By Thoma* 
Kentish. In one volume. i2mo. . . . . ^i.oo 

KERL.— The Assajrer's Manual : 

An Abridged Treatise on the Docimastic Examination of Ores, and 
Furnace and other Artificiil Products. By Bruno Kerl, Professor 
in the Royal School of Mines. Translated from the German by 
William T. Brannt. Second American edition, edited with Ex- 
tensive Additions by F. Lynwood Garrison, Member of the 
American Institute of Mining Engineers, etc. Illustrated by 87 en- 
gravings. 8vo is-oc 

KICK.— Flour Manufacture. 
A Treatise on Milling Science and Practice. By Frederick Kick 
Imperial Regierungsrath, Professor of Mechanical Technology in tht 
imperial German Polytechnic Institute, Prague. Translated from 
the second enlarged and revised edition with supplement by H. H. 
P. PowLES, Assoc. Memb. Institution of Civil Engineers. Illustrated 
with 28 Plat^, and 167 Wood-cuts. 367 pages. 8vo. . ^io.oo 

KINQZETT.— The History, Products, and Processes of the 
Alkali Trade : 
Including the most Recent Improvements. By Charles Thomas 
KiNGZETT, Consulting Chemist. With 23 illustrations. 8vo. ^2.50 

LANDRIN.—A Treatise on Steel : 
Comprising its Theory, Metallurgy. Properties, Practical Working, 
and Use. By M. H. C. Ijindrin, Jr. From the French, by A. A. 
Fesquet. i2mo $2. so 

LANGBEIN.— A Complete Treatise on the Electro-DeposL 
tion of Metals : 
Comprising Eleciro-Plating and Galvanoplastic Operations, the De- 
position of Metals by the Contact and Immersion Processes, the Color- 
ing of Metals, the Methods of Grinding and Polishing, as well as 
Descriptions of the Electric Elements. Dynamo-Electric Machines, 
Thermo- Piles and of the Materials and Processes used in Every De- 
partment of the Art. From the German of Dr. George Langbein, 
with additions by Wm. T. Brannt. Third Edition, thoroughly re- 
vised and much enlarged. 150 Engravings. 520 pages. 8vo. ^.00 

LARDNER.— The Steam-Engine : 

For the Use of Beginners. Illustrated. i2mo. • • • 75 

LBHNER.^The Manufacture of Ink: 
Comprising the Raw Materials, and the Preparation df W^^Hing, 
Copying and Hekiograph Inks, Safety Inks, Ink Extracts and Pow. 
ders, etc. Translated from the German of Sigmund Lehnbr, with 
additions by William T. Brannt. Illustrated. i2mo. |2.ou 
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LARKIN. — ^The Pncticai Brass and Iron Ponnder's QuMet 
A Conciie Treatise on Brass Founding, Moulding, the Metals and 
their Alloys, etc. ; to which are added Recent Improvements in thi 
Manufacture of Iron, Steel by the Bessemer Process, etc., etc. Bf 
James Larkin, late Conductor of the Brass Foundry Department is 
Reany, Neafie & Co.'s Penn Works, Philadelphia. New edition, 
revised, with extensive additions. i2mo. . , . 1^3.59 

LBROUX.— A Practical Treatise on the Manufacture of 
Worsteds and Carded Yams : 
Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning ; Sorting, Cleaning, and Scouring Wools ; the English 
and French Methods of Combing, Drawing, and Spinning Worsteds, 
and Manufacturing Carded Yams. Translated from the French of 
Charles Leroux, Mechanical Engineer and Superintendent of a 
Spinning-Mill, by Horatio Paine, M. D., and A. A. Fesquet, 
Chemist and Engineer. Illustrated by twelve large Plates. To which 
is added an Appendix, containing Extracts from the Reports of the 
International jury, and of the Artisans selected by the Committee 
iqypointed by the Council of the Society of Arts, London, on Woolen 
and Worsted Machinery and Fabrics, as exhibited in the Paris Uni» 
▼ersal Exposition, 1867. 8vo. . . • • • ^5.00 

LSFFEL. — ^The Construction of Mill-Dams : 
Comprising also the Building of Race and Reservoir Embankmenti 
and Head-Gates, the Measurement of Streams, Gauging of Water 
Supply, etc By James Leffel & Co. Illustrated by 58 engravings. 
8vo. 12,50 

LESLIE.— Complete Cookery: 
Directions for Cookery in its Various Branches. By Miss Leslie. 
Sixtieth thousand. Thoroughly revised, with the addition of New 
Receipts. i2mo |i-5o 

LE VAN.— The Steam Engine and the Indicator : 
Their Origin and Progressive Development; including the Most 
Recent Examples of Steam and Gas Motors, together with the Indi- 
cator, its Principles, its Utility, and its Application. By William 
Barnet Le Van. Illustrated by 205 Eng^vings, chiefly of Indi. 
cator-Cards. 469 pp. 8vo ^'OO 

LIEBER.— Assayer's Guide : 

Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assays, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By Oscar M. Lieber. Revised. 283 pp. i2mo. I1.50 
Lockwood's Dictionary of Terms : 

Used in the Practice of Mechanical Engineering, embracing those 
Current in the Drawing Office, Pattern Shop, Foundry, Fitting, Turn-. 
Ing, Smith's and Boiler Shops, etc., etc., comprising upwards of Six* 
Thousand Definitions. Edited by a Foreman Pattern Maker, author 
bf '< Pattern Making." 417 pp. lamo. • Ijxw 
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LUKIN.— Among^st Machines t 
Embracing Descriptions of the variouf Mechanictl Appliancei 
in the Manufacture of Wood, Metal, and other Substances. 121110. 

LUKIN. — The Boy Engineers : 
What They Did, and How They Did It. With 50 plates, f 8mo. 

LUKIN.— The Young Mechanic 1 
Practical Carpentry. Containing Directions for the Use of all kinds 
of Tools, and for Construction of Steam- Engines and Mechanical 
Models, including the Art of Turning in Wood and Metal. By John 
LUKiN, Author of **The Lathe and Its U&cs," etc. IHustraied. 
I2DiO ^1*75 

MAIN and BROWN.— Questions on Subjects Connected with 

the Marine Steam -Engine : 

And Examination Papers; with Hints for their Solution. By 

Thomas J. Main, Professor of Mathematics, Royal ^aval College. 

and Thomas Brown, Chief Engineer, R. N. i2mo., cloth . $im> 

MAIN and BROWN. — The Indicator and Dynamometer: 
With their Practical Applications to the Steam- Engine. By Thomas 
J. Main, M. A. F. R., Ass*t S. Professor Royal Naval College, 
Portsmouth, and Thomas Brown, Assoc. Inst. C. £., Chief Engineer 
R. N., attached to the R. N. College. Illustrated. 8vo. . 

MAIN and BROWN.— The Marine Steam-Engine. 
By Thomas J. Main, F. R. Ass*t S. Mathematical Professor at the 
Royal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Inst. C. E., Chief Engineer R. N. Atteched to the Royal Naval 
College. With numerous illustrations. 8vo. 

MAKINS.— A Manual of Metallurgy: 

By George Hogarth Makins. 100 engravings. Second edition 
rewritten and much enlarged. i2mo., 592 pages . . $3-oo 

I/IARTIN.— Screw-Cutting Tables, for the Use of Mechanica) 
Engineers : 
Showing the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any Required Pitch ; with a Table for Making the Uni- 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
8vo. • • . • .50 

MICHSLL.— Mine Drainage: 
Being a Complete and Practical Treatise on Direct-Acting UadW' 
ground Steam Pumping Machinery. With a Description of a laigc 
number of the best known Engines, their General Utility and the 
Special Sphere of their Action, the Mode of their Application, and 
their Merits compared with other Pumping Machinery. By Stephbm 
MiCHELL. Illustrated by 137 engravings. 8vo., 277 pages . ^6.00 

MOLESWORTH.— Pocket-Book of Useful Formulae and 

Memoranda for Civil and Mechanical Engineers. 

By Guilford L. Molesworth, Member of the Institution of Civil 

Engineers, Chief Resident Engineer of the Ceylon Railway. FnlL- 

liutuid in Pocket-book form ••••••• ill. 00 
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MOORB.— TlM Univtnal Assistant and tfas Complelt lf#» 
chanict 

Contatntng over one million Industrial Facts, Calculations, Receiptt^ 
Processes, Trades Secrets, Rules, Business Forms, Legal Items, Etc, 
in every occupation, from the Household to the Manufactory. By 
R. MooRC. Illustrated bv 500 Engravings. i2mo. . #2.50 

MORRIS* — Easy Rules for the Measurement of Earthworks t 
By means of the Prismoidal Formula. Illustrated with Numerom 
>yood-Cuts, Problems, and Examples, and concluded by an Ejcten* 
sive Table for finding the Solidity in cubic yards from Mean Areaa. 
The whole beinf adapted for convenient use by Engineers, Surveyors, 
Contractors, and others needing Coirect Measurements of Earthwork. 
By Elwood Morris, C. E. Svo. 11.5a 

MAUCHLINE.— The Mine Foreman'a Hand-Book 
Oi Practical and Theoretical I-iformation on the Opening, Venti- 
lating, and Working of Collieries. Questions and Answers on Prac- 
tical and Theoretical Coal Mining. Designed to Assist Students and 
Others in Passing Examinations for Mine Foremanships. By 
Robert Mauchline, Ex-Inspector of Mines. A New, Revised and 
Enlarged Edition. Illustrated by 114 engravings. Svo. 337 

pages $3-75 

NAPIER. — ^A System of Chemistry Applied to Dyting. 
By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, 
including the Chemistry of Coal Tar Colors, by A. A. Fesquet« 
Chemist and Engineer. With an Appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867. Illus- 
trated. Svo. 422 pages . • I3.00 

NEVILLE.— Hydraulic Tables, Coefficients, and Formulse, foi 
finding the Discharge of Water from Orifices, Notches, 
Weirs, Pipes, and Rivers : 
Third Edition, with Additions, consisting of New Formulae for the 
Discharge from Tidal and Flood Sluices and Siphons; general infor 
mation on Rainfall, Catchment- Basins, Draina^, Sewerage, Water 
Supply for Towns and Mill Power. By ToHN Nevillk. C. E. M. R 
I. A. ; Fellow of the Royal Geological Society of Ireland. Thick 
I2mo ^5.50 

JIEWBERY. — Gleanings firom Ornamental Art of eveiy 

^ style: 

Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and other Museums, the Exhibitions of 185 1 and 
1862, and the best English and Foreign works. In a series of 100 
exquisitely drawn Plates, containing many hundred examples. By 
Robert Newbery. 4to. ^12.50 

NICHOLLS. —The Theoretical and Practical Boiler«Makar an4 
Engineer's Reference Book: 
Containing a variety of Useful Information for Employers of Laboc 
Foremen and Working Boiler-Makers, IroB» Copper, and Tinsoiithfl 
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.l>rMightsmen» Engineers, the General Steam-using Public, and for tha 
<Jae of Science Schools and Classes. By Samuel Nxcholls. I11ii» 
trated by sixteen plates, 1 2mo. 12.50 

KICHOLSON.— A Manual of the Art of Bookbinding: 

Containing full instructions in the different Branches of Forwarding 
Gilding, and Finishing;. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. i2mo., cloth I2.25 

NICOLLS.— The Railway BuUderx 
A Hand-Book for Estimating the Probable Cost of American Ra.l* 
way Construction and Equipment. By WiLLiAM }. NlcoLLS, Civil 
Engineer. Illustrated, full bound, pocket-book form 

NORMANDY.— The Commercial Handbook of Chemical An- 
alysis : 
Or Practical Instructions for the Determination of the Intrinsic 01 
Commercial Value of Substances used in Manufactures, in Trades, 
and in the Arts. By A. Normandy. New Edition, Enlarged, and 
to a great extent rewritten. By HENRY M. NoAD, Ph.D., F.R.S.« 
thick i2mo $$.00 

NORRIS. — ^A Handbook fcr Locomotive Engineers and Ma- 
chinlsts : 
Comprising the Proportions and Calculations for Constructing Loco- 
motives; Manner of Setting Valves; Tables of Squares, Cubes, Areas, 
etc., etc By Septimus Norris, M. E. New edition. Illustrated, 
tamo ^1.50 

NY8TR0M. — A New Treatise on Elements of Mechanics : 
Establishing Strict Precision in the Meaning of Dynamical Terms s 
accompanied with an Api^endix on Duodenal Arithmetic and Me 
trology. By John W. Nystrom, C. E. Illustrated. 8vo. I3.00 

NYSTROM. — On Technological Education and the Construc- 
tion of Ships and Screw Propellers : 
For Naval and Marine Engineers. By John W. Nystrom, lata 
Acting Chief Engineer, U. S. N. Second edition, revised, with addi- 
tional matter. Illustrated by seven engravings. i2mo. . ^1.25 

O'NEILL.— A Dictionary of Dyeing and Calico Printing : ^ 
Containing a brief account of all the Substances and Processes in 
ose in the Art of Dyeing and Printing Textile Fabrics ; with Practical 
Receipts and Scientific Information. By Charles O'Neill, Analy- 
tical Chemist. To which is added an Essay on Coal Tar Colors and 
their application to Dyeing and Calico Printing. By A. A. Fesquet, 
Chemist and Engineer. With an appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867. 8vo.. 
49« pages I3.00 

ORTON.— Underground Treasures*. 
How and Where to Find Them. A Key for the Ready Determination 
of all the Useful Minerals within the United States. By James 
OftTON, A.M., Late Professor of Natural History in Vassar College* 
H. Y.; Cor. Mem. of the Academy of Natural Sciences, Philadelphia, 
and of the Lyceum of Natural History, New York ; author of the 
** Andes and the Amazon," etc. A New Edition^ with Additions. 
tUasttsted I1.50 
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OSBORN.— The Prospector's Field Book and Guide. 

In the Search For and the Easy Determination of Ores and Other 
Useful Minerab. By Prof. H. S. Osborn, LL. D. Illustrated by 58 
Engravings. i2mo. Third Edition. Revised and Enlarged (1897). 

I1.50 
OSBORN— A Practical Manual of Minerals, Mines and Min- 
ing: 
Comprising the Physical Properties, Geologic Positions, Local Occur- 
rence and Associations of the Useful Minerals; their Methods of 
Chemical Analysis and Assay ; together with Various Systems of Ex- 
cavating and Timbering, Brick and 'Masonry Work, during Driving, 
Lining, Bracing and other Operations, etc. By Prof. H. S. Osborn, 
LL. D., Author of " The Prospector's Field- Book and Guide." 171 
engravings. Second Edition, revised. 8vo. • • « f4*50 
OVERMAN.— Tho Manufacture of Steel: 
Containing the Practice and Principles of Working and Making Steel. 
A Handbook for Blacksmiths and Workers in Steel and Iron, Wagoo 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By 
Frederick Overman, Mining Engineer, Author of the " Manu- 
facture of Iion," etc. A new, enlarged, and revised Edition. By 
A. A. Fesqut, Chemist and Engineer. l2mo. . $i-SO 

OVERMAN.— The Moulder's and Pounder's Pocket Guide : 
A Treatise or^ Moulding and Founding in Green-sand, Dry -sand, Loam, 
and Cement; the Moulding of Machine Frames, Alill-gear, Hollow- 
ware, Omamerts, Trinkets, Bells, and Statues ; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Sulphur, 
Wax, etc. ; the Construction of Melting Furnaces, the Melting and 
Founding of Metals ; the Composition of Alloys and their Nature, 
etc., etc. By Frederick Overman, M. E. A new Edition, to 
which is added a Supplement on Statuary and Ornamental Mouldings 
Ordnance, Malleable Iron Castings, etc. By A. A. Fesquet, Chem* 
ist and Engineer. Illustrated by 44 engravings. l2mo. . $2,CO 
PAINTER, GILDER, AND VARNISHER'S COMPANION. 
Comprising the Manufacture and Test of Pigments, the Arts of Paint- 
ing, Graining, Marbling, Staining, Sign- writing. Varnishing, Glass- 
Ftaining, and Gilding on Glass ; together with Coach Painting and 
Varnishing, and the Principles of the Harmony and Contrast of 
Colors. Twenty-sevenih Edition. Revised, Enlarged, and in great 
part Rewritten. By William T. Brannt, Editor of " Varnishes, 
Lacquers, Printing Inks and Sealing Waxes.'' Illustrated. 395 pp. 
l2mo. .......... ^150 

PALLBTT.— The Miller's, Millwright's, and Engineer's Guide. 
By Henry Pallett. Illustrated. i2mo. . . . ^2.00 
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PERCY. — ^The Manufacture of Russian Sheet-Iron. 

By John Percy, M. D., F. R. S., Lecturer on Metallurgy at the 
Royal School of Mines, and to The Advance Class of Artillery 
Officers at the Royal Artillery Institution, Woolwich ; Author of 
" Metallurgy." With Illustrations. 8vo., paper . . 25 cts. 

PERKINS.— Qas and Ventilation : 
Practical Treatise on Gas and Ventilation. With Special Relavtoa 
to Illuminating, Heating, and Cooking by Gas. Including ScientiBa 
Helps to Engineer-students and others. With Illustrated Diagrams. 
By E. E. Perkins. i2mo., cloth I1.25 

PERKINS AND STOWE.— A New Quide to the Sheet-iron 
and Boiler Plate Roller : 
Containing a Series of Tables showing the Weight of Slabs and Piles 
to Produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gauge 
in decimals ; the Weight per foot, and the Thickness on the Bar or 
Wire Gauge of the fractional parts of an inch; the Weight per 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various 
dimensions to weigh 112 lbs. per bundle; and the convemon of 
Short Weight into Long Weight, and Long Weight into Short. 
Estimated and collected by G. H. Perkins and J. G. Stowe. ^1.50 

POWELL— CHANCE— HARRIS.— The Principles of Glass 

Making. 

By Harry J. Powell, B. A. Together with Treatises on Crown and 

Sheet Glass; by Henry Chance, M. A. And Plate Glass, by H. 

G. Harris, Asso. M. Inst. C. E. Illustrated i8mo. • I1.50 

PROCTOR. — A Pocket-Book of Useful Tables and Formulss 
for Marine Engineers : 
By Frank Proctor. Second Edition, Revised and Enlarged. 
Full -bound pocket-book form 1 1*50 

REGNAULT.— Elements of Chemistry: 
By M. V. Regnault. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and William L. Faber, Metallurgist and 
Mining Engineer. Illustrated by nearly 700 wood-engravings. Com- 
prising nearly 1,500 pages. In two volumes, 8vo., cloth . ^.00 

RICHARDS.— Aluminium : 

Its History, Occurrence, Properties, Metallurgy and Applications, 

including its Alloys. By Joseph W. Richards, A. C, Chemist and 

Practical Metallurgist, Member of the Deutsche Chemische Gesell* 

schaft. Illusf. Third edition, enlarged and revised (1895) . ^.00 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A Practical. 
Treatise on the Manufacture of Colors for Painting : 
Comprising the Origin, Definition, and Classification of Colors; the 
Treatment of the Raw Materials ; the best Formulae and the Newest 
Processes for the Preparation of every description of Pigment, and 
the Necessary Apparatus and Directions for its Use; Dryers; the 
Testing. Application, and Qualities of Paints, etc., etc. By MM. 
Rifpault. VERGNAUD, and ToussAiNT. Revised and Edited by M. 
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F. MALBPEYS.K. TVantlated from the French, by A. A. FSaQim^ 
Chemist and Engineer. Illustrated by Eighty engravings. In one' 
vol., 8vo., 659 pages ....••• ^5*^^ 

ROPER. — A Catechism of High-Presture, or Non-Condensing 

Steam -Engines : 
Including the Modelling, Constructing, and Management of Steam- 
Engines and Steam Boilers. With valuable illustrations. By Ste- 
phen Roper, Engineer. Sixteenth edition, revised and enlarged. 
i8mo., tucks, gilt edge ^2.00 

ROPER.— Engineer's Handy-Book: 
Containing a full Explanation of the Steam-Engine Indicator, and its 
Use and Advantages to Engineers and Steam Users. With Formula 
/or Estimating the Power of all Classes of Steam- Engines; als\», 
Facts, Figures, Questions, and Tables for Engineers who wish to 
qualify themselves for the United Stales Navy, the Revenue Service, 
the Mercantile Marine, or to take charge of the Better Class of Sta- 
tionary Steam- Engines. Sixth edition. i6mo.. 690 pag«;S, tucks, 
gilt edge I3.50 

ROPER. — Hand- Book of Land and Marine Engines : 
Including the Modelling, Construction, Running, and Management 
of Lane* nnd Marine Engines and Boilers. With illustrations. By 
Stephen Roper, Engineer. Sixth edition. i2mo.,tk*cks, gilt edge. 

fc-50 
ROPER.— Hand-Book of the Locomotive : 

Including the Construction of Engines and Boilers, and the Construc- 
tion, Management, and Running of Locomotives. By STEPHEN 
Roper. Eleventh edition. i8mo., tucks, gilt edge ^2.50 

ROPER. — Hand-Book of Modem Steam Fire- Engines. 
With illustrations. By Stephen Roper, Engineer. Fourth edition^ 
i2mo., tucks, gilt edt^e ^3*5<' 

ROPER. — Questions and Answers for Engineers. 
This little book contains all the Questions that Engineers will be 
asked when undergoing an Examination for the purpose of procuring 
Licenses, and they are so plain that any Engineer or Fireman of or 
dinary intelligence may commit them to memory in a short time.. By 
Stephen Roper, Engineer. Third edition . , . ^2.00 

ROPER.— Use and Abuse of the Steam Boiler. 
Bv Stephen Roper, Engineer. Eighth edition, with illustrations, 
lomo., tucks, gilt edge ^2.09 

ROSE.—The Complete Practical Machinist : 

Embracing Lathe Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Tempering, the Making and Use of Tools. 
Tool Grindini;, Marking out Work, Machine Tools, etc. By Joshua 
Rose. 39s Engravings. Nineteenth Edition, greatly Enlarged with 
New and Valuable Matter. i2mo., 504 pages. . . ^2.50 

ROSE.— Mechanical Drawing Self-Taught : 
Comprising Instructions in the Selection and Preparation of Drawing 
Instruments, Elementary Instruction in Practical Mechanical Draw- 
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ing, together with Examples in Simple Geometry and Elementarf 
Mechanism, including Screw Threads, Gear Wheels, Mechanicu 
Motions, Engines and Boilers. By Joshua Rosb, M. £. Illustrated 
by 330 engravings. 8vo., 313 pages .... ^4XMi 

ROSE.— The Slide- Valve Practically Explained: 
Embracing simple and complete Practical Demonstrations of thv 
operation of each element in a Slide-valve Movement, and illustrat* 
ing the effects of Variations in their Proportions l^ examples care* 
fully selected from the most recent and successful practice. By 
Joshua Rose, M. £. Illustrated by 35 engravings . |i.oo 

ROSS. — The Blowpipe in Chemistry, Mineralogy and Geology: 
Containing all Known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By LlEUT.- 
CoLONEL W. A. Ross, R. A., F. G. S. With 120 Illustrations. 
i2mo #2.00 

8HAW.— Civfl Architecture : 
Being a Complete Theoretical and Practical System of Building, con« 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
By Thomas W. Silloway and George M. Harding, Architects. 
The whole illustrated by 102 quarto plates finely engraved on copper. 
Eleventh edition. 4to f 6.00 

8HUNK.— A Practical Treatise on Railway Curves and Loca- 
tion, for Young Engineers. 
By W. F. Shunk, C. E. i2mo. Full bound pocket-book form |2.oo 

SLATER. — The Manual of Colors and Dye Wares. 
By J. W. Slater. i2mo fc-oo 

SLOAN. — American Houses : 
A variety of Original Designs for Rural Buildings. Illustrated by 
26 colored engravings, with descriptive references. By Samuel 
Sloan, Architect. 8vo. Ii.oo 

SLOAN. — Homestead Architecture : 

Ojntaini^2^ Forty Designs for Villas, Cottages, and Farm-houses, with 
Essays on Style, Construction, Landscape Gardening, Furniture, etc., 
etc. JUustrated by upwards of 200 engravings. By Sahuel Sloan, 
Arcbitea. 8vo. . . . « . . . • ^3*oo 

SLOAN E. — Ho£:?e Experiments in Science. 
By T. O'CoNOR Slcvne, E. M., A. M., Fh. D. Illustrated by 91 
engravings. i2mo. ^I.oo 

8M EATON.— Builder's Pockbt^Companion : 

Containing the Elements of Building, Surveying, and Architecture; 
with Practical Rules and Instructions coiinected with the subject 
By A. C. Smeaton, Civil Engineer, etc. i2mo. • . 75 cts. 

SMITH.— A Manual of Political Economy. 
By E. Peshine Smith. A New Edition, to which is added a full 
Index. i2mo. •••••••• $1-2$ 
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SMITH. — Parks and Pleasure-GrouBds : 
Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. By Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. i2nio. .... |2.oa 

8MITH.— The Dyer's Instructor : 

Comprising Practical Inst*-uctions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woolen Goods ; containing nearly Son 
Receipts. To which is added a Treatise on the Art of Padding; ancf. 
the Printing of Silk Warps, Skeias, and Handkerchiefs, and th«- 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. i2mo. . . . $1.50 

8MYTH.— A Rudimentary Treatise on Coal and Coal-Mining. 
By Warrington W. Smyth, M. A., F. R. G., President R. G. S. 
of Cornwall. Fifth edition, revised and corrected. With Aumer- 
ous illustrations. l2mo. ^i*7S 

8NIVBLY.— Tables for Systematic Qualitative Chemical AnaK 
ysis. 
By John H. Snively, Phr. D. 8vo ^i.oo 

8NIVELY.— The Elements of Systematic Qualitative ^^hemical 
Analysis : 
A Hand-book for Beginners. By John H. Snively, Phr. D. i6mo. 

$2.oa 

STOKES.— The Cabinet Maker and Upholsterer's Companion-. 
Comprising the Art of Drawing, as applicable to Cabintrt Work: 
Veneering, Inlaying, and Buhl- Work ; the Art of Dyeing and Stain 
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker 
ing. Japanning, and Varnishing; to make French Polish, Glues 
Cements, and Com|X)s'..-ns; with numerous Receipts, useful to work 
men generally. Bv Stokes. Illustrated. A New Edition, with 
an Appendix upor «ench Polishing, Staining, Imitating, Varnishing, 
etc., etc. i2mo |i*25 

STRENGTH AND OTHER PROPERTIES OP METALS: 

Reports of Expernnenis on the Strength and other Properties of 
Metals for Cannon. With a Description of the Machines fur Testiiijj 
Metals, and of the Classification of Cannon in service. By Officer^ 
of the Ordnance Department, U. S. yirmy. By authority of the Secre- 
tary of War. Illustrated by 25 large steel plates. Quarto. I5.00 
tULLIVAN.—Protection to Native Industry. 
By Sir Edward Sullivan, Baronet, author of " Ten Chapters ©n 
Social RelDrms." 8vo ^I.OO 

SHERRATT.— The Elements of Hand-Railing: 

Simplified and Explained in Concise Problems that are F^isily Under- 
stood. The whole illustrated with Thirty-eight Accurate and Origi- 
nal Plates, Founded on Geometrical Principles, and Showing how to 
Make Rail Without Centre Joints, Making Better Rail of the Same 
Material, with Half the Lalx>r, and Showing How to Lay Out Stairs 
of all Kinds. By R. J. Sherrait. Folio. . . . I2.50 
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8YMB. — Outlines of an Industrial Science. 
By David Syme. i2mo. . . « • • #2.00 

TABLES SHOWING THE WEIGHT OP ROUND. 
SQUARE, AND FLAT BAR IRON, STEEL, ETC., 
By Measurement. Clolh - 63 

TAYLOR.--StaUstics of Coal : 
Including Mineral Bituminous Substances employed in Arts and 
Manufactures; with their Geographical, Geological, and Commercial 
Distribution and Amount of Production and Consumption on the 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. By R. C. Taylor. Second edition, revised by S. S. Haldb* 
MAN. Illustrated by five Maps and many wood engravings. 8vo., 
cloth I6.00 

TEMPLETON. — The Practical Examinator 9n Steam and tbd 

Steam -Engine: 

With Instructive References relative thereto, arranged for the Use of 

Engineers, Students, and others. By William Templbton, En. 

gineer. i2mo. * I1.00 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Fabrication of Beer: 
With especial reference to the Vienna Process of Brewing. Elab- 
orated from personal experience by Julius £. Thausing, Professor 
at the School for Brewers, and at the Agricultural Institute, Mddling, 
near Vienna. Translated from the German by WiLLiAM T. BsANNT, 
Thoroughly and elaborately edited, with much American matter, and 
according to the latest and most Scientific Practice, by A. ScHWARZ 
and Dr. A. H. Bauer. Illustrated by 140 Engravings. 8vo., 815 
pages $10.00 

THOMAS. — The Modem Practice of Photography: 
By R. W. Thomas, F. C. S. Svo. .... 25 

THOMPSON.— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
By Robert E. Thompson, M. A., Professor of Social Science in the 
University of Pennsylvania. l2mo. .... 1^1.50 

THOMSON.— Freight Charges Calculator: 
By Andrew Thomson, Freight Agent. 24mo. . . ^1.25 

TURNER'S (THE) COMPANION: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn* 
hig; also various Plates of Chucks, Tools, and Instruments; and 
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working them. 
l2mo ^1.00 

TURNING: Specimens of Fancy Turning Executed on the 

Hand or Foot- Lathe : ( 

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting 

Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 

4to #2.50 
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VAILB.~Qalvani2ed-Iron Cornice- Worker's Manual : 
Containing Instructions in Laying out the Different Mitres, and 
Making Patterns for all kinds of Plain and Circular Work. Also^ 
Tables of Weights, Areas and Circumferences of Circles, and other 
Matter calculated to Benefit the Trade. By Charles A. Vaile. 
Illustrated by twenty-one plates. 4to ^5.00 

VILLE. — On Artificial Manures : 
Their Chemical Selection and Scientific Application to Agriculture. 
A series of Lectures given at the Experimental Farm at Vincennes, 
during 1867 and 1874-75. By M. Georges Ville. Translated and 
Edited by William Crookes, F. R. S. Illustrated by thirty-one 
engravings. 8vo., 450 pages ^6.00 

VILLE.->-The School of Chemical Manures : 
Or, Elementary Principles in the Use of Fertilizing Agents. From 
Uie French of M. Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations. i2mo. .... ^1.2$ 

VOQDES. — The Architect's and Builder's Pocket-Companion 
and Price-Book: 

Consisting of a Shoit but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of United States 
Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, 
.Brick, Cement and Concretes, Quantities of Materials in given Sizes 
and Dimensions of Wood, Brick and Stone; and full and complete 
Bills of Prices for Carpenter's Work and Painting ; also. Rules for 
Computing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc. By 
Frank W. Vogdes, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-book 

form, gilt edges ^2.00 

Ooth •. ••••••• 1*5^ 

VAN CLEVE — ^The English and American Mechanic: 
Comprising a Collection of Over Three Thousand Receipts, Rules, 
and Tables, designed for the Use of every Mechanic and Manufac* 
turer. By B. Frank Van Clbve. Illustrated. 500 pp. i2mo. |2.oo 

WAHNSCHAFPE.— A Guide to the Scientific Ezaminatioa 
of Soils: 
Comprising Select Methods of Mechanical and Chemical Analysif 
and Physical Investigation. Translated from the German of Dr. F. 
Wahnschapfe. With additions by William T. Brannt. Illus- 
trated by 25 engravings. i2mo. 177 pages • • • I1.50 

WALL.— Practical Graining : 
With Descriptions of Colors Employed and Tools Used. Illnstrated 
by 47 Colored Plates, Representing the Various Woods Used 'm 
Interior Finishing. By William E. Wall. 8vo. • ffX50 

WALTON^— Coal-Mining Described and Illustrated: 
By Thomas H. Walton, Mining Engineer. Illustrated by 24 Itofgt 
and elaborate Plates, after Actual Workings and Apparatus. J^5.oc 
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TITARB.— The Sugar Beet. 
Including a History of the Beet Sugar Industry in Europe, Variette 
of the Sugar Beet, Examination, Soils, Tillaj^e, Seeds and Sowing 
Yield and Cost of Cultivation, Harv<jsiing. 'transportation, Conserva 
tion. Feeding Qualities of the Beet and of the Pulp, etc. By Lewu 
S. Ware, C. £., M. £. Illustrated by ninety engravings. 8vo. 

WARN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain- 
in;^ a selection of Geomeirical Problems; also, Practical and Simple 
Rules for Describing the various Patierns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical 
Tin- Plate Worker. To which is adiled an Appendix, .containing 
Instructions icr Boiler- Making, Mensuration of Surfaces and Solids, 
Rules for Calculating the Weights of diflerent Fii^ures of Iron and 
Steel, Tables of ihe Weights of I»on, Steel, etc. Illustrated by thirty- 
two Plates and thirty-seven Wood Engravings. 8vo. . 13.00 

WARNER. — New Theorems, Tables, and Diagrams, for tho 
Computation of Earth-work : 

Designed for the u>e of Engineers in Preliminary and Final Estimates, 
of Students in Engineering, and of Contractors and other non-profes< 
sional Computers. In two parts, with an Appendix. Part I. A Prac- 
tical Treatise ; Part 1 1. A Theoretical Treatise, and the Appendix 
Containing Notes to the Rules and Examples of Part I.; Explana* 
tions of the Construction of Scales, Tables, and Diagrams, and t 
Treatise upon Equivalent Square Bases and Equivalent Cevel Heightib 
: By John 'Warner, A. M., Mining and Mechanical Engineer. Illus- 
trated by 14 Plates. 8vo. $4 00 

WILSON. — Carpentry and Joinery : 

By John Wii^on, Lecturer on Building Construction Carpcnirv and 
Joinery, etc., in the Manchester Technical ScIjooI. Third Edition, 
with 65 full page plates, in flexible cover, oblong . . .80 

WATSON.— A Manual of the Hand- Lathe : 

Comprising Concise Directions for Working Metals of all kinds. 
Ivory, Bone and Precious Woods; Dyeing, Coloring, and French 
Polishing; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense. By 
Egbert P. Watson, Author of " The Modern Practice of American 
Machinists and Engineers." Illustrated by 78 engravings. I1.50 

WATSON. — The Modem Practice of American Machinists and 
Engineers 
Including the Construction, Application, and Use of Drills, Lat>i« 
Tools, Cutters for Boring Cylinders, and Hollow-work generally , with 
the most Economical Speed for the same; the Results verified b^ 
Actual Practice at the Lathe, the Vise, and on the Floor. Togetiicr 
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with Workshop Management, Economy of Manufacture, the Steam 
Engine, Boilers, Gears, Belting, etc., etc. By Egbert P. Watson. 
lUusti-aied l>y eighty-six engravings. l2mo. . . . ^2.50 

WATT.— The Art of Soap Making : 

A Practical Hand-Book of the Manufacture of Hard and Soft Soaps, 
Toilet Soaps, etc. Fifth Edition, Revised, to which is added an 
Appendix on Modern Candle Making. By Alexander Watt. 
111. l2mo $3.00 

W £ ATM BRLY.— Treatise on the Art of Boiling Sugar, Crys- 
tallizing, Lozenge-making, Comfits, Gum Goods, 
And other processes fur Confectionery, etc., in wliich are explained, 
in an easy and familiar manner, the various Methods of Manufactur- 
ing every Description of Raw and Refined Sugar Goods, as sold by 
Confectioners and others. l2mo $l-S^ 

WILLr.— Tables of Qualitative Chemical Analysis : 

With an Introductory Chapter on the Course of Analysis. By Pro- 
fessor Hkinrich Will, of Giessen, Germany. Third American, 
from the eleventh German edition. Edited by Charles F. Himes, 
Ph. D., Professor of Natural Science, Dickinson College, Carlisle, 
Pa. 8vo. $l»S^ 

WILLIAM S.->On Heat and Steam : 

Embracing New Views of Vaporization, Condensation and Explo- 
sion. By Charles Wye Williams, A. I. C. E. Illustrated. 8vo. 

$2.50 

WILSON. — First Principles of Political Economy: 

With Reference to Statesmanship and the Progress of Civilization. 
By Professor W. D. WiLSON, of the Cornell University. A new and 
revised edition. l2mo 1 1 -5^ 

WILSON.— The Practical Tool-Maker and Desicpier: 

A Treatise upon the Designing of Tools and Fixtures for Machine 
Tools and Metal Working Machinery, Comprising Modem Examples 
of Machines with Fundamental Designs for Tools for the Actual Pro- 
duc ion of the work; Together with Special Reference to a Set of 
Tools for Machining the Various Parts of a Bicycle. Illustrated by 
189 engravings. 1898 ^2.50 

CONTENTS : Introductory. Chapter I. Modem Tool Room and Equipment. 
H. Files, Their Use and Abuse. III. Steel and Tempering. IV. Making Tin. 
V. Milling Machine Hxtures. VI. Tools and Fixtures for Screw Machines. Vll. 



Broaching. VIII. Punches and Dies for Cutting and Drop Proa. IX. Tools for 

[. Drop Forging. "Xll. Solid Drawn Shrlls or Ferrules: Cupi _ 
Cutting, and Drawing : Breaking Down Sheik XIII. Annealing, Pickling "and 



Hollow* Ware. X Embossine: Metal, Coin, and Stamped Sheet-Metal Orna- 
ments. XI. Drop Forging. All. Solid Drawn Shrlls or Ferrules: Cupping or 



Cleaning. XIV. Toob for Draw Bench. XV. Cuttins and Assembling Pieces 
by Means of Ratchet Dial Plates at One Opemtion. XVI. The Header. XVII. 
lools for Fox Lathe. XVIII Suggestions for a Set of Tools for Machining the 
Various Parts of a Bicycle. XIX. The Hlater's Dynamo. XX. Conclusion— 
With a Few Random Ideas. Appendix. Index. 

WOODS. — Compound Locomotives: 

By A RTHUR Tannatt Woods. Second edition, revised and enlarged 
by David Leonard Barnes, A. M.,C. E. 8vo. 330 pp. I3.00 
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WOHLER. — A Hftnd-Book of Mineral Analysis : 

By F. W6HLBR, Professor of Chemistry in the University of Gtttin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in ^e 
Renssalaer Polytechnic Institute, Troy, New York. Illustrated. 
lamo #2.50 

WORSSAM.— On Mechanical Saws : 

From the Transactions of the Society of Engineers, 1869. By S. W. 
WoRsSAM, Jr. Illustrated by eighteen large plates. 8to. #1*50 

RECENT ADDITIONS. 

BRAN NT. — ^Varnishes, Lacquers, Printing Inks and Sealing - 
Waxes : 

Their Raw Materiab and their Manufacture, to which is added the 
Art of Varnishing and Lacquering, including the Preparation of Put- 
ties and of Stains for Wood, Ivory, Bone, Horn, and Leather. By 
William T. Brannt. Illustrated by 39 Engravings, 338 pages. 
i2mo I3.00 

BRANNT — ^The Practical Scourer and Qarment Dyer: 

Comprising Dry or Chemical Cleaning ; the Art of Removing Stains , 
Fine Washing; Bleaching and Dyeing of Straw Hats, Gloves, and 
Feathers of all kinds; Dyeing of Worn Clothes of all fabrics, in- 
cluding Mixed Goods, by One Dip ; and the Manufacture of Soaps 
and Fluids for Cleansing Purposes. Edited by William T. Brannt, 
Editor of "The Techno-Chemical Receipt Book." Illustrated 
203 pages. i2mo. ^2.00 

BRANNT.—Petroleum . 

its History, Origin, Occurrence, Production, Physical and Chemical 
Constitution, Technology, Examination and Uses; Together with 
the Occurrence and Uses of Natural Gas. Edited chiefly from the 
German of Prof. Hans Hoefer and Dr. Alexander Veith, by Wm. 
T. Brannt. Illustrated by 3 Plates and 2S4 Engravings. 743 pp. 
Svo. 17.50 

BRANNT.— A Practical Treatise on the Manufacture of Vine- 
gar and Acetates, Cider, and Fruit- Wines : 

Preservation of Fruits and Vegetables by Canning and Evaporation ; 
Preparation of Fruit-Butters, Jellies, Marmalades, Catchups, Pickles, 
Mustards, etc. Edited from various sources. By WiLLlAM T. 
Brannt. Illustrated by 79 Engravings. 479 pp. 8vo. ^S-oo 

BRANNT.— The Metal Worker's Handy-Book of Receipts 
and Processes : 

Being a Collection of Chemical Formulas and Practical Manipula- 
tions for the working of all Metals ; including the Decoration and 
Beautifying of Articles Manufactured therefrom, as well as their 
Preservation. Edited from various sources. By William T. 
Brannt. Illustrated. i2mo. |2j{o 
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DFITE,— A Practical Treatise on the Manufacture cf Per* 
turnery: 
Comprising directions for making all kinds of Perfumes, Sachet 
Powders, Fumigatini^ Materials, Dentifrices, Cosmetics, etc., with a 
full account of the Volatile Oils, Balsams, Resins, and other Natural 
and Artificial Perfume-substances, including the Manufacture of 
Fruit Ethers, and tests of their purity. By Dr. C. Deitb, assisted 
by L. BoRCHERT, F. Eichbaum, E. Kugler, H. Toeffner, and 
other experts. From the German, by Wm. T. Bran NT. 28 Engrav- 
ings. 358 pages. 8to. $3-^^ 

EDWARDS. — American Marine Engineer, Theoretical ana 
Practical : 
With Examples of the latest and most approved American Practice. 
By Emory Edwards. 85 illustrations. i2mo. . . ^2.50 

EDWARDS.— 900 Examination Questions and Answers: 
For Engineer; and Firemen (Land and Marine) who desire to ob- 
tain a United States Government or State License. Pocket-book 
form, gilt edge |i'5^ 

KIRK. — The Cupola Furnace: 

A Practical Treatise on the Construction and Management of Foun- 
dry Cupola<(. By Edward Kirk, Practical Moulder and Melter, 
author of *<The Founding of Metals.'' Illustrated by 80 Engravings. 
8vo. (In Preparation.) 

POSSELT.— The Jacquard Machine Analsrsed and Explained: 
With an Appendix on the Prep.iration of Jacquard Cards, and 
Practical Hmts to Learners of Jacquard Designing. By E. A. 
Posselt. With 230 illustrations and numerous diagrams. 127 pp. 
4to ^3.00 

POSSELT.— The Structure of Fibres, Yams and Fabrics: 

Being a Practical Treatise for the Use of all Persons Employed in 
the Manufacture of Textile Fabrics, containing a Description of thu 
Growth and Manipulation of Cotton, Wool, Worsted, Silk Flax, 
Jute, Ramie, China Grass and Hemp, and Dealing with all Msnu- 
faciurers* Calculations for Every Class of Material, also Giving 
Minute Details for the Structure of all kinds of Textile Fabrics, and 
an Appendix of Arithmetic, specially adapted for Textile Purposes. 
By E. A. Posselt. Over 400 Illustrations, quarto. . IS-oo 

RICH.— Artistic Horse. Shoeing : 

A Practical and Scientific Treatise, giving Improved Methods of 
Shoeing, with Special Directions for Shaping Shoes to Cure Different 
Diseases of the Foot, and for the Correction of Faulty Action in 
Trotters. By Georgb E. Rich. 63 Illustrations. 153 pages. 

. »2mo I1.00 
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RICH ARDSON.— Practical Blacksmithlng : 
A Collection of Articles Contributed at Different Times by Skilled 
Workmen to the columns of " The Blacksmith and Wheelwright," 
and Covering nearly the Whole Range of Blacksmithing, from the 
Simplest Job of Work to some of the Most Complex Forgings* 
Compiled and Edited by M. T. Richardson. 
Vol.1. 2 lo Illustrations. 224 pages. i2mo. • • $1.00 
Vol.11. 230 Illustrations. 262 pages. l2mo. • • $1.00 
Vol. III. 390 Illustrations. 307 pages. i2mo. . . |5i 00 
Vol. IV. 226 Illustrations. 276 pages. l2mo. , . Jr.f»j 

RICHARDSON —The Practical Horaeshoer: 
Being a Collection of Articles on Horseshoeing in all its Branche» 
which have appeared from time lo time in the columns of *' 1 he 
Blacksmith and Wheelwright/' etc. Compiled and edited by M. T. 
Richardson. 174 illustrations ^i.oo 

ROPER. — Instructions and Suggestions for Engineen and 
Firemen : 
By Stephen Roper, Engineer. i8mo. Morocco . ^2.00 

ROPER. — The Steam Boiler: Its Care and Management: 
By Stephen Roper, Engineer. i2mo., tuck, gilt edges. ^2.00 

ROPER. — The Young Engineer's Own Book t 

Containing an Explanation of the Principle and Theories on which 
the Steam Engine as a Prime Mover is Based. By Stephen Roper« 
Engineer. 160 illustrations, 363 pages. iSmo., tuck . $250 

ROSE. — Modem Steam -Engines: 
An Elementary Treatise upon the Steam-Engine, written in Plata 
language ; for Use in the Workshop as well as in the Drawing Office. 
Giving Full Explanations of the Construction of Modem Steairw 
Engines : Including Diagrams showing their Actual operation. To- 
gether with Complete but Simple Explanations of the operations of 
Various Kinds of Valves, Valve Motions, and Link Motions, etc., 
thereby Enabling th'e Ordinary Engineer to clearly Understand the 
Principles Involved in their Construction and Use, and to Plot out 
their Movements upon the Drawing Board. By Joshua Rosk. M. £. 
Ulostrated by 422 engravings. Revised. 358 pp. . . |6.oo 

ROSE.— Steam Boilera: 
A Practical Treatise on Boiler Construction and Examination, for the 
Use of Practical Boiler Makers, Boiler Users, and Inspectors; and 
embracing in plain figures all the calculations necessary in Designing 
or Classifying Steam Boilers. By Joshua Rose, M. E. Illustrated 
by 73 engravings. 250 pages. 8vo 1 2. 50 

dCHRIBER.— The Complete Carriage and Wagon Painter: 
A Concise Compendium of the Art of Painting Carriages, Wagons. 
and Sleighs, embracing Full Directions in all the Variocs Branches, 
including Lettering, Scrolling, Omansenting, Striping, Varnishing, 
and Coloring, with numerous Recipes for Mixing Colort. 73 II lus- 
trations. 177 pp. i2mo • • I1.00 
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